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CI-LI\P TER I 
THE PROBLEM 
Statement o f Problem 
The purpose of t hi s pro,iect is t o elaborate on the 
arithme ti c course of stu dy and the textbook now in use in 
Grade 6, Lowell, Massachusetts. 
To accomplish thi s purpose, this paper will attempt to 
explain more fully the course of study and te x tbook and will 
also provide s ome supplementary materials and suggestions 
which will serve to a d just the program more adequate ly to 
t he six th gra de pupils of Lo well. 
Selection of Project 
A. Source--The sourc e o f this project was a need for a 
more detai le d outline o f work and a need for more s peci f ic 
steps in presentation of arithmetic situations. 
B. J u s t ificati on--Thi s project seems justified inasmuch 
as the arithmetic outline f or the city is br i ef and without 
detail, a nd the textbook has no published tea cher's manual 
to ac comp any its u se. 
c . S cope--The writer will e laborate on the e x isting 
outline f or Grade 6 and wi 11 a d just t he textbook to local 
situa t io ns. The plan will embrace a school-year's work, 
f rom September to J u ne. 
CHAPTER II 
REVIE\IIJ OF RESEARC H AND LI TERATURE 
Use of Number in the Past 
Mode rn living makes use of a g i f t handed down through 
the centuries, the Hindu-Arabic number system. I t is a 
tool and mode of thinking about quantity which is essential 
in everyday experiences. 
It is true that all pupils do not need specialized 
knowledge in fields of acute angles, metric measures and 
troy weights. But they do have a need for normal arithmetic 
procedures in essentials o f quantitative thinking. 
Historically, we readl that number has had a long period 
of usefulness. In early Mesopotamia mathematicians devised 
a calenda r system of t welve months; and pyramid builders in 
Egypt, 3000 ;B.C., had a concise knowledg e o f the scientific 
use of angles. Clay tab lets, recently u nearthe d but molded 
centur i es a go, indicate a use of measures and systems of 
accounts. The early Chinese had a scale of figuring on 
sixty, s imi lar to our divisions of hourly units. Rome had 
its numerals, wi th each letter always signifying the iden-
tical value each time it was used. The Hindu s y stem, 
carried by traders over to Arabi a , is the source of our 
l wonae rlana of Knowledg e, Publishers Productions, Inc., 
Chicag o: pp . 18 7-190. 
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present system of number, wherein the identical figure varies 
in value, according to place. 
Buckingha:m.:l states that this system has surpassed and 
supplanted every other number system. It is a lang uag e for 
all people. 
we are t o ld by Brueckner;2 that it took thousands o f years 
for the race to realize that a s ymbol, suc h as zero, could 
serve as a 'place-holder'. 
Progress i n Teaching of Arithmetic 
Osburn3 reports that the use of objective material for 
teaching arith~etic was suggested in 1821 by colburn. In 
1902 Rice began publishing results of his standardized tests 
in arithme tic. The results in achievement in these tests 
caused a revision in the field of subject matter. Following 
this, the term 'social usage' began a positive attempt to 
arrive at a basis for curriculum construction, or reconstruc-
tion. Wilson suggested in 1926 that necessary t ool arithmetic 
could be taught in four years in grades 3, 4, 5, 6. This 
social utility theory, however, has objectors who feel that 
comprehensive skills are not attained in four years. They 
lB. R. Bucking ham, Elementary Arithmetic, Its Meaning and 
Practice, Boston: Ginn and co., 1947, p. 63. 
2t. J. Brueckner and F . E . Grossnickle, How to Make Arithmetic 
Me aningful, Philadelphia: John c. Winston co., 1\34'1, p. 41. 
qr~ . J. Osburn, Corrective Arithme tic, Vol. II, Boston: 
Hough to n Mifflin co., 1929, pp. 69-77-~ 
3 
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also feel that arithmetic might be used more if people were 
sufficiently trained in its use. 
Development and Organization 
Failure of our e duca tional set-up to extend a nd apply 
knowledg e of arithme tic has been an e f fecti ve cause o f p oor 
showing in late r li f e arithrn.e tic.l 
Emphasis in ins-cruction should be on deve l opment of 
meanings and or gani zati on of subject matter and .materials, 
r a ther than on correct answers T or mechani cal procedures 
only. The aim of the teac her should be emphasis on learning 
a ctivities of the child so that he wi ll gain an insig h t into 
computa tion · in or de r to a pply that k nowledg e in daily living . 
These stag es of growth-progress are not separate d by 
grade or a ge, bu t should blend as a c on tinu ous progression. 
There s hou l d not be a comp l ete chang e o f s y stem f r om primary 
to in±er mediate level, or f rom elementary to junior high 
school. The transition should be a me r ging or an expan ding, 
r ather than an abrupt or disrupting chang e o f r ou tine. 
Need fo r Ar i tlEletic 
Neithe r t he du ll nor brig h t ch:tld can g et along wi thou t 
a ri thmeti c ; so i t would be we ll to s e e that each c h ild 
develops a facility i n solvi ng qua ntitative situati o n s as he 
/ mee ts t hem, to t he l imi t of his capacit ies . 
There are a f ew s ixth- gra de .children who will receive no 
'\ further formal s cho ol education. Not so many as f orme rly, 
! Bucking ham, op. cit., p . 73-74. 
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however, will leave school because of attaining the age of 
16, because now their opportunities f or emp loyment are 
restricted. 
Therefore, some pupils will remain on the school 
registers who have almost reached their maximum mental per-
formance. Although these children may never need 'higher 
mathematics', they are the very ones who will have a need 
for funct i onal use of numbers to enable them to become economi p 
literates of society. 
Arithmetic s hould be based on pupil experience, but it 
is also an orderly, Cl'Lmulative sys ·cem of r e lated ideas, t ha t 
transfers it from a mechanical subject to a practical i nstru-
ment, dealing wi th problems of living. The four fundamental 
processes are the most i mportant.l 
Planning, Sequence, and Integration 
Sequence in ari thmetic proce s ses may be altered in 
planning for individual needs and preferences. The writer 
has fo u n d t h.e sequence included in this project expedient in 
arithmetic situations which develop in correlation with units 
in progress during a school year. No slavish adherence to 
this particular sequence is necessary. Many variations may 
be arranged to meet the requirements of any group. 
"!Bucking ham, op. cit., pp. 73-74. 
.'t 
'·· 
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Suggestions Concerning Diag nosis, Review and Checking 
1. A teacher must determine the abilities of all 
pupils to ascertain what their backgrounds and 
capacities are. 
2. She shou l d also know 1,.1rhat the requirements are 
for the preceding grade, as v:ell as wha t is to 
be accomplished in her own grade. 
3. A general kno wle dg e of wha t is to follow in the 
next grade s hould also be obtained. l 
The proper diagno s is of difficulties in arithmetic 
includes a necessary, initial, step-by-step oral interview 
vJith each pupi l as he works, and a planned diagnostic testing 
program (not necessarily so-calle d standardized tests). 
Howe v er, the e f ficacy of diagnosis is lost if corrective 
follow - up v10rk i s lack ing. Remedial me as ures s u ch as reteach-
ing, to correct bad habits, s hould b e applied before drill 
is given. 
The pu r pose o f drill is t o f ix by repetition something 
previously comprehended. Drill emphasizes speed, but should 
also stress accuracy. 
Short (2-3 minute ) periods of dr i ll seem to bring the 
best results. 2 
Repeated pract;lce or dr i ll is permissible i f 1) it does 
not subject children to harmful influences, 2) it possesses 
distinct a dvantag es in facilitating learning, and 3) it is 
as effective as any other a vailable method of accomplishing 
the same end.3 
i philadelphia course of Study , Interme diate, p. 137. 
2M. C. Bancroft, Reme dial Program for 100 <y~ Mastery, Boston 
University, Unpublished Thesis, 1941, p . 32 
3!;;; . A. Brmvne 11, nAn Evaluation of an Arithmetic Crutch," 
Journal of Experimental Education, 2:534, 1933 . 
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In Bancro f t 1 s 1 analysis in only one area of arithmetic , 
a diagnostic t e st in the four fund~wntal pro cesses with 
twen ty children showed: 
20 types of errors in a dd ition, 
23 types of errors in subtrac t i on , 
24 types of errors i n mu1 tiplica tion, 
22 types of err or s in short d i v ision, 
21 types of errors in l ong division. 
Note that these were not the t i mes the errors we re macl e , 
but the t ;y-pes of error s . This analy sis shows the alert 
teacher that review- - s u ch as mere repe ti t i ve 11 going bac k 
over 11 an area dur :i. ng Sep temb e r - -is not enough . It indicates 
a need of reteac hing. There are always some children who 
move into the district from sections where objectiv es are 
dissimilar . Sometimes t he re a r e childre n who we re a bsent 
when a particu l ar step in a proce ss was taught . Then, too, 
there are t h e pupils who di d not have the mental maturat i on 
to ass imi late t he teacher's presentation of material in a 
fourth or fifth grade , bu t have now attained a readiness fo r 
s u ch material. All t hese indicati ons emphasize the fact 
that old fas hioned 11 r eview 11 alo ne is not e n ough, but s hcu ld 
include reteac hi ng or e ven initia l t e aching for a fe w in s ome 
of the basic skil l s . 
Diagnosis , oral i nterview , a n d s u itable readi ness 
tests , the teache r shou ld c ons ider carefu lly .2 
! Bancroft, op , cit ., p . 36 . 
2Br ueckner and Gr o c:; s n ick l e , op~ cit. , p . 404 . 
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It is usually harder to correct process difficulties 
than to overcome weakness in factual knowledge. One of these 
process difficulties might be the use of zero as a place 
holde r in a quotient. This calls for reteaching. Confusing 
the ans we r of 8 x 7 wi th the · answer of 6 x 9 vvould be a 
type of weakness in factual knowledge. Repeated experiences 
giving meaningful practice may overcome this weakness. 
There is a difference be tween ari tbrne tical relations hips 
that are more f requently met in life situations, and those 
o f less social value, but which are necessary to . complete 
the systematic study of number.l 
Checking 
Checking examples usually bring s poor results, if the 
children just g o over their wo rk. They quite f requently 
make the sec ond answer conform to the one already indicated, 
or 'force' the c hecking . 
Children must be taug ht the fun c ti on of checking, and 
must understan d it, as any o the r algorism.2 
Sunrrnary 
The four fundamentals must be assured a prominent place 
in any curriculum. Di f ficulty of proce dure should be con-
si dered in the sequenc e o f presentation of new material. 
Review must be of value. Local situa ti ons are f actors that 
a f fect a ccomp lishment. Ab~lity of individu als must be con-
si de red in viewing res u lts at the end of the year. Each 
lpniladelphia Public Elementary S choo ls Course of S tudy, 
1947, p. 172. 
2Brueck n e r a nd Grossnickle, . op, cit., p. 240. 
8 
child should compe te, not with those o f ll.igher (or lower) 
mental capacity, but wi th hi~ own recor d of successes com-
pared with past accomplishments. 
Our curriculum makers believe in individual di f ferences 
theoretically, but when they sit dovm -co write a course of 
study, t h ey act as t houg h t hey were irrevocably dedicated 
to the prdposition that all children are created equal, 
intellectually.l 
l osburn, op. cit., p . 7 
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CHAPTER III 
OVERVI EW OF THE TEXTBOOK 
Suc ces s in any of the school tasks is depende nt in a 
larg e measure up on mental ma turity, a background suffici e ntly 
rich in ex periences, habits of concentration and attention, 
persi s t ence and self-reliance, and the tools for thi nking and 
understanding sufficiently developed to interpret and use 
ideas presented through written symbols.l 
School children should be taught not only how to perform 
an arithmetic operation but also how to understand it, if they 
are to adequately a pply aritmne tic in li f e situations. The 
writer, t hen, will attempt to suggest meaning ful approaches 
to a rithmetic situations in elabora ting on the textbook now 
in use. 
In overviewing the textbook, "Iroquois New Standard 
Ar i thmetic, Grade 6 Enlarged Edition," the writer f ound that 
there are no chapter divisions in this book. Instead, topics 
i n arithmetic procedure are presented as appro x imately two 
hundred forty items. Arithmetic development and method are 
printed in bold-faced-type head i ngs. Optional material is 
starred in the listing . 
The writer has g rouped these items as f ollows in her 
overview: 
I. Brief History of Number Systems. This item menti o ns 
the Babylonian, the Hindu-Arabic, the Greek, and the 
Roman systems. 
lKarl c. Garr~s on, Psychology of Adolescence, Prenti ce-Hall, 
Inc. N. Y . 1946 , p p . 72-'73. 
10 
II. Review. This includes a resume of the languag e of 
number, place value, and the four fundamental 
processes of addition, subtraction, multiplication, 
and division. In the review of long division, one 
and two fi gure divisors are used, employing the 
'increase-by-one' method for the trial divisor. 
III. Upper Decade Facts. Upper decade f acts receive no 
pertinent treatment in this book for Grade 6. How-
ever, the writer believes that no sixth grade 
teacher can assume that these facts have been 
taught, are known, or that children have attained a 
sufficient power of g eneralizing about all number 
facts just because they know the lower decade facts. 
Upper decade facts are definite items to be taught. 
IV. Practice Pages. Several f ine mechanical-practice 
pages (as pp. 266, 267) are included in the book 
to cover miscellaneous situations within the four 
processes. verbal problems follow the presentation 
of each f undamental op e ration to g ive practice using 
the particular process studied. The suggested 
method for problem solving in this text is: 
1) Read, 2) Think, 3) Work, 4) Check, (p. 273). 
Occasional pages for testing abilities, com-
prehension, and skills are inserted at intervals, 
( p. 305). 
ll 
v. Business Forms. In one section of the book, begin-
ning on pag e 274, the use of simple cash accounts, 
the value of u. s. money, and making chang e cor-
rectly receive consi deration. In a later portion 
of the book these same usages are included, but in 
more elaborate and c omplicated problems. As optional 
work, an intro duction to selling and buying is g iven 
with this section. These procedures include explana-
tions of sales slips, bills, receipts, checks, and 
statements, (p. 455). 
VI. Illus tra ti ve Material. There are three types o.f 
illustrative material used throughout the book: 
l) compositional (p. 258), 2) Associative (p. 496), 
and 3) Functi onal (p. 403). 
VII. Measurement. Liqui d , dry, leng th, weight, counting , 
and time measures are presented with applications and 
uses in verbal problems, beginning on page 459. 
Some measures are accompanied by helpfu l diagrmas. 
More intricate procedures occur in examples in a 
later s e ction of the book, but no further explanation 
is given. Area, names of geometric figures, cubic 
measure and board feet are also given brief attention 
VIII. Graphs •. The keeping of daily or weekly ranks is 
used as a means of teaching the purpose of line 
graphs. The use o f bar graphs, with more difficult 
readings, is e xplained. (There should be a 
12 
correlation here, between arithmetic and the inter-
pretation of graphs encountered in social studies.l) 
Circle graphs are not included. 
IX. Finding Averages, Estimating , and Rounding off 
Numbers. Several pag es of rules and self-help 
ex planations are given in bold-face type under these 
headings. The conc e pts of t h ese processes are 
developed preceding the study o f fractions. 
x. Fractions. Framed sections of several pages 
(pp. 351, 376) seek to demonstrate the four processes 
in the use of fract i ons. These step-by-step pro-
cedures are for pupils' self-help. S~mi-concrete 
illustra tions of fractional parts are included 
(p. 354). 
XI. Decimals. Following fractions, the textbook presents 
decimals, their fractional equivalents, and the 
process of changing one to the other. The f our funda-
mental processes are repeated, this time using 
decimals. Mechanical step-by-step explanations for 
self-help and v e rbal problems which use decimals in 
their solution a re included. Explanations are 
mechanical, not meaningful in some instances, (p. 431) 
XII. Denominate Numbers. Denominate numbers are presented 
(p. 484) with simple problems which involve the use of 
l Branom and Ganey, Ge ography, Social Series, Eastern Hemisphere 
Book III, w. H. Sadli e r, Inc., 1947, p. 149. 
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common measures and the use of the four processes 
in problem solutions. Only t wo denominations a re 
u sed at one time. There are sample types worke d out 
for pupil reference. 
XIII. Scale Drawing . Scale drawi ng , with linear measure 
and simple geometric f igu res, is considered briefly. 
XIV. Percentage. Common percents are included, stressing 
their relation to f ractions and decimals studi ed 
previously. This porti on of the b ook also inclu des 
an explanation of commission and interest. 
xv . Supplementary pages. There are several supplementary 
pages at the end of the book, giving additional 
practi ce examples of many types. 
comment. The Numbering Arrangement. The first page of the 
book i s nu111be re d 259. The examples a re nmnbered in s uch a way 
t hroug hout the book that the writer has fo u n d the me'Ghod of 
numbering very cumbersome f or children to use. Slowe r c hildren 
in the class are con f use d by the metho d of ver tical and hori-
zon tal designation of e xamples. These children must spend 
valu able time lo cating examples whe n a selection of one or two 
exrunples is ma de f rom several p a g es. It seems to the writer 
that if a more simplified system were used, it woul d enhance 
the value of the many test page s. This is especially true on 
a page such as p a g e 341. To use part of t his page, or to 
select a f ew examples f rom it, require s an excessive amount 
14 
of time, in either oral or written instructions. 
Conclusion. As a who le, the book includes material usually 
presented in most sixth grades. In using this book, the 
writer has found she can accomplish approximately the ordinary, 
required school-year's work, in an averag e city, with an 
average clas s o f 35 hete rogeneously grouped pupils wi th r.Q's 
rang ing from 68 to 124. 
15 
CHAP TER IV 
REVIE\.11! , DIAGNOSIS, AND RE TEAC HI NG OF I DEAS 
A· Planning Review 
1. Review should be more t han just 'going over' fifth-
g rade material. Usua l ly, at the beginning of the fall term, 
the ability of pupils is far below what it was the prece ding 
June. This lack of a bility is due, larg ely, to lack o f use of 
the var i ous skills during vacation. 
2. A systematic analysis, therefore, of the pupil's nee ds 
should be made, by an inventory of diagnostic testing program 
'\ 
for each i ndividual. Symptoms of deficiencies can be detected 
by the teacher from : a) observation of the pupil at work , or 
b) analysis of written and oral work. 
B. Suggested Ma terials 
Suggested material f or such diagnostic tes~s is included 
.in the f ollowing pag es. This material i ncludes tests in 
mechanical processes in: 
a) Use of whole numbers in the f our p rocesses. 
b·) Ad ding and subtrac ting similar fractions. 
c) Addi ng and subtracting unlike fractions. 
d) Multiplication o f fractions. 
e) Division of fractions. 
c. Evaluation of Tests 
Diagnostic tests enable the teacher to f i nd out at wha t 
points learning is deficient. To find out why pupils are 
16 
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making errors, observe them at work, and question them 
afterwards.l 
The deficiencies and lapses that are shown in the results 
of the testing program will determine which children need: 
a) remedial teaching , or b) intensive review, or c) the level 
of readine s s of the class. 
! Gillet, Durell, Sueltz, Durell-New Trend Aritlli'11e tic, 6, 
Columbus, Ohio: Charles E . I'.~ e rrill Co., 1941, p. 46. 
CHAPTER V 
STORY OF NUMBER 
A· The S tory of Number 
Aritbme tic should include recog nition of our number 
system. Mention the evolution and derivation of the s-y-mbols 
from: 
a) the marks used by the early Egyptians, 
b) the system based on a unit of 60, used by the e a rly 
Babylonians, 
c) the use of letters by the Romans and Greeks, down to 
d) the system invented by the Hindus and carried by 
traders to Ara bia. 
B. Pos sible Approaches 
Emphasize: 1) that it took c e nturies for these systems to 
come to their present stage of deve l opment. 
2) that Hindu-Arabic numbers surpass any other 
symbo 1 as a c ommo n languag e a...-nong many nati ons. 
3) that the first cou nting lacked anything 
like a zero , and t hat it t ook centuries to develop the idea of 
zero as a 1 place-holde r 1 • 
4) that Hindu-Arabic numbers have place value, 
value vary i ng according to position; that is, as the same 
numeral is placed to the left of the units, its value increases 
ten t i mes, each place tha t it is moved, becoming ten times 
greater than the numeral on its immediate right. Using 3,333 
for instance--the second 3 from t he ri g ht means 3 tens, or 
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30, ten times more than the 3 in the u nits place. Then the 
third 3 from the right, meaning 3 hundre d , i s ten times more 
than t he 3 tens i mme diately to its right a nd 100 times greater 
than the 3 in units place. 
This is in constrast ~o the Roman s ys~em, where each 
l etter has the same value, no matter whe r e it is p laced , as in 
XC or ex-- the X always stands f or 10, and C alwa ys stands for 
100. 
c. Evaluation 
1. Show pi ctures o f' early Egyptian and Babylonian 
symbols. 1 
2. Let the childr en use Roman numerals they know in 
working out simple example s of additi on or subtrac tion 
to shov; how u nvrie l dy such fig l•ri ng would be, 
as, 26 
23 vs. 
XXVI 
XXIII 
3. Have the pupils compare writing the year of their 
birth in Roman numerals wi th writing it in Arabic 
numbers, as MCW.!XXXIX vs. 1939 . 
liMebs"Cer's S"Cudent's Dicti onary, Upper S chool Levels, Boston , 
American Book Co ., 1938 , inside cover l ining . 
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CHAP 'I'ER VI 
READING AND WRITING NUMBERS 
A· Name s of P laces (Iroquoi s Textbook , p . 2 60). 
A quick s urvey wi ll inf orm whe teache r whether the clas s 
retained the names o f t he digit places t hat they learned in 
a previous g rade --units, t e ns , hundre ds, tho u sands, ten 
thousands, · hundre d thousands , --and the re v iew vii 11 likely 
include numbers to mill i ons . 
B. Sugg es te d Approache s 
1. By returning to the reading of easy whre e - d i g it num-
bers, such as 247, s how the children that each additi onal 
' p e riod' is read as simply as the fi rs t , ad ding its 'title ' of 
thou sands or millions a ccording to the number o f pe r iods in-
e l uded. Thus in the number 247,247,247 , it would be a simp le 
'two-hundr ed - forty -seven' fo r the fi rst period, also for the 
se c ond per i od, and the third p e ri o d also, but wi th the 
a dditi o n of t he title o f its pe r iod attached. A diagra~, such 
as the f ol l owi ng , will help in f ixing the i de a of a peri o d of 
three, as di f f e rentiated f rom the indiv i dual names o f p laces--
units, tens, e t;c . ( 247, 247, 247) • 
247 
millions 
247 
thou sand s 
247 
hundreds 
show that thes e 1places 1 are di vided into perio ds of three, 
se parated by commas f or easy reading. The children can see in 
this way that the number is rea d 11 t wo hundred f orty seven" 
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EACH time, but in the thousands perio d , the title thousands is 
a dded, because the 247 t here mean s that many gr oups of one 
thousand ~ach, itist~ad of 247 ones. In the mi llions perio d 
the title milli ons is a dded because i t me ans that many g r oup s 
o f millions. It wi ll be a very easy s~ep then to annex ano~he 
perio d , in order to teach the rea ding a nd wri ting o f places 
in t he billions. 
2. This diagram wi ll lead to the n~unbers including 
99 9 , 999 , 999 ,999 . 
c. Eva luation 
1. To i mpres s the class wi th r;he idea of how many times 
we u s e such large numbers, have them wa tch t he newspapers for 
clippings fo r t he bulleti n board. Such c lippings might includ 
do llars l oa ned by u. s. to other countries in t he Marshall 
Plan . 
2. Some newspapers will print larg e sums as $ 500 mi llion, 
or $5~ mi llion. This last f i gure wi ll c ause pupi ls to f i gure 
out that ~million is 500,000 so the iiYhole amount woul d be 
$ 5,500,000. 
3. Emphasize that if they can read 999 , the simple 
number, t hey can also read large r numbe r s, as each gr oup of 3 
figur e s i s read similarly, with different titles. So dictate 
several numbers to break down, or the reve rse, to build up, as: 
6 6 units 9 units 9 
60 6 tens 9 tens 90 
600 :6 hundre ds 9 hundreds 900 
6000 6 thou~ands 9 thousands 9000 
60000 6 ten thousands '999'9 
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4. Gi ve some examples then, using zero--as 505 and 4004. 
5 5 units 4 thousands 4000 
00 no tens no hundreds 000 
500 5 hundre ds no tens 00 
505 4 units 4 
4004 
5. Use numbers up to billions, fo r reading and writing 
from dictation. 
6 . Use concrete materials (toothpicks , burned matches, 
or sticks) and have the ch ildren combine groups or 
bundle s to make numbers, as: 
4 ones 4 
4 bund les of tens 40 
4 bundles of hundreds 400 
444 
Have the bu ndles of tens and the bundles of hundreds 
fastened together with elastics, and let the children 
manipulate them to get the k inesth etic a pproach or 
I 
i 
I 
•feel' of ~he different sizes of the bundles. Larger I 
the! 
II 
I 
sticks (s u ch as clean throat-sticks) may be used by 
teacher so the children can see them easily in a 
demonstration. 
I 
I 
I 
II 
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CHAP~'ER VII 
USI NG ROUND NUMBERS 
A. Roundi ng -off Numbers 
The childre n continu a l ly 'round-off' amo unts almost every 
da y , when they buy anythi ng at the store. For one instance, 
if t h ey buy 2 ice cream cones whi ch are 8¢ each, the amount 
which was taken to t he store was probably 20¢, or in other 
words they used the nearest ten to the amount to be spent. 
B. Suggested Approaches 
1. Give and have the class vvo rk out practical examples, 
such as: If we a re buying napkins f or a school party , and 
ne e d thirty-five, we would buy a packa g e of 40 napkins--the 
nearest ten. 
2. If someone u se d up 58 mi nutes pract i cing the pi a no , 
h e would be likely to say he practiced 1 about an hour', or 
sixty minutes, the nearest ten. 
c. Evaluation 
1. Have each pupil make up an oral or a written eXM1ple 
fo r the class, such as: If the expenses f or c ur field trip 
will be 8~ per p e rson, about how much will we s pend altogether? 
As 8 x 35 is $ 2. 8 0, we will say the amount will be ahout $3.00 I 
g oing up to the nearest do llar unit. 
2. Lead the children to 'think': If we have a class 
play, and almos t every mo ther is coming , how many chairs wi ll 
we need? Here we will say abo u t 30; that is going back to the 
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nearest ten. 
3. Proceed to more di f f i cult pro b lems when they under-
stand that 5 or 50 or 500 will be the mid-po i nt, and that a ny -
thing above is to be raised to the ne x t ten (or hundred or 
thousand, depending on what the pr oblems use) a n d that any-
thing below that mid-point is brcught to the next lower 
mu ltiple of ten. 
4. Use a f ew unusual examp l e s t o bring ou t the idea of 
what happens when there i s a 9 used. An e xamp le which has 
69 9 to be rounded off will have not only t h e final 9 changed, 
but also the 9 in the tens place will be affected, and the 6 
in t he hundreds place. This rounded o f f will be 700. 
5. Have children bring in statistics and graphs which 
use round numbers f or convenience. 
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CHAP TER VIII 
ARI THME TIC TERMS 
A. Terms of ~!:~-~bme~ic Examples. (Iroquois Textbook, p. 2 65 ) 
1. Addition--adde nds, sum. · 
2. Subtraction--Minuend, subtrahend, difference or 
remainder, and proof. 
3. Mu l tiplicat i on--multi p licand, multiplier, and 
product . 
4. Division--dividend, di visor, quotient, and remainder . 
B. Sugge ste d Approaches 
1. As t e rms of arithmetic e x amples are usually comp l e tely 
covered in lower grades, t his portion requi r es only a s hort 
review. At this time, however, it is well to show the chi l-
dren t he po s sibilities in the meani ng s of rema i n ders. So tha t 
they will understand, g i ve type s o f the f ollowi ng three kinds : 
a) A string 10 f t. long is divided into 3 parts . 
3)10 ft. There will be a piece 3 l/3 ft. long 
f or each p ers on. The 'remainder' here indicates 
1/3 o f the unit 1 foot' uaed in the dividend--
whi ch c ould be c hanged to 4 inches. 
b) Ten books are divided among 3 pupils . 3)10 books 
In this example, there are 3 bo oks for each per-
son and one book remaining . The r emai n der here 
is a whole unit like the dividend. 
c) Three candles sell f or 10¢. 3)~. The quotient 
is 3 l/3.¢', but buying one candle you would have to pay 4.¢'. 
c. Evaluation 
1. As the childr en do problems using uneven divisi o n, let 
them explain what the remai n der means in each particular 
example. See the textbook, pag e s. 48. Mr. Keene grows 
tomatoes for a canning f actory. The factory sends him 4505 
small plants to set out. How many rows of 85 can he plant? 
The remainder will be--? 
2. Have the class con~rive some local orig inal problems, 
as: 'Highland Park contains 3 acres. If each sixth g rade is 
allowed an equal share on Friday, what is the area allowed for 
each room? 
In accepting the orig inal problems, group them so that 
the three types of remainders menti oned receive notice. 
3. For subtracti on remainders, be sure the children know 
the difference between 'remainder' and 1 difference 1 • The 
p roblem itself will determine which is meant. If a boy has 
five cents but needs eight cents to buy some thing he wants, he 
s u btracts the 5 from the 8 and knows the difference between 
the two numbers is 3. However, if he has 8~ and uses 5.¢' to 
buy something , he has 3.¢' left as a remainder. 
J 
26 
CHAPTER IX 
ES TIMA TING ANSVffiRS 
A· Discoveri ng Estimation 
1. To g ive t he class a n idea how much their estimations 
will vary, l e t them estimate orally, withou t any use o f rule rs, 
the d i me n s io ns of: the wi d t h of the door, the width of a 
geograp hy book, the height of the door, the number of page s in 
a close d b ook, the number of b ooks on the library shel f , t h e 
t empe ra t u re of t he room, the weig ht of three pupils. 
B. Suggested Approaches 
1. The pupils have seen what a g reat vari e ty of ans wers 
could be g iven for one object, so they readi ly discover a need 
for more t houg ht and a clo s er inspection of familiar surround-
ing s in order t hat their answers 'about so much' will become 
a more reas onable answer. A close a pproxi ma tion demonstrates 
whet her a pr oblem is u nd erstood, usually . 
2. Estimation can b e used in almost all aritrune tic situ-
a t i ons--problem solving , g aug ing the a n s wer in a long division 
example, wha t a store bill of s e veral items will amou nt to, 
ab out wha t t he t o tal amount f or a p i cnic at Bens on's would be--
after t hey l e arn to estima te closely. 
3. In social stu dies, when studying about the he ig ht of 
a mou nta i n, l e t pupils compare t he heig ht wi th a local 'flat' 
distance; i.e., a mountaln 5000 ft. hig h wou l d be the s ame 
distance as t he · di stan c e. f rom t he scho o l to a) the depot, 
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b) Kearney Square, c) l'.IJ: t. Pleasant Gol.f Club, d) to the 
Auditorium? 
4. In estimating the answers to .fraction or decimal 
examples the children should be aware that i.f they are using 
3/4 o.f their allowance .for one item, then only a small portion 
o.f the whole will be le.ft. In division of decimals they 
should be aware that with a dividend o.f 10 and a divisor of 
.52 they will have an answer somewhere near 20 because they 
are dividing 10 almost into halves (~0). 
To estimate answers for mechanical examples is usuall:9 
easier than to do the same for problems which have two or 
more steps. 
c. Evaluation 
1. The followi ng are some types of estimations to have 
the children use: Underline whichever you think is nearest 
to the right answer. 
a) $ 2.80+ 1.50 -f.3.87 ••.•• ~~7, $8, $9, $15 
b) $ 697.25- 542.89 •••••• $ 50, $ 150, $ 250, $350 
c) $7.48 x 3 ••••••••••••• $10, $ 20, $ 30, $40 
d) 1729 ~ 4 •••••••••••••• 40, 400, 4000, 40000 
e) ~ + 2-i- * 3 1/8 •••••••••• 6, 7, 8, 9 
2. Have them use current prices in newspapers for 
problems. Mrs. Thomas paid $ 58 .for a chair, ~~89 for a rug, 
and sl~ 26.50 .for a small table. H0\'1 much will she need for all 
of' 
the articles? 
$ 150, $175, ~200, $ 225. 
3. As a f inal step, have them che ck the i r own estimations 
b y working out each exa mple and comparing the correct answer 
wi th the estima ti on. 
4. For pupils s e ldom approaching correct estimations, 
ind ividual help in prob lem solving must be given. start wi t h 
very easy ideas to be sure the method of a pproach is right. 
us e some like: How many desks do you think there are in each 
row in this room? Ab out how many rows across the room are 
there? How many large slates make up the side blackboard? 
Another step can be added at this point, if they have 
come to fairly close estimations in these simple applicat i ons, 
using an abstraction rather than objects they can count--as: 
How many bot t les of 'coke' will be ordered if we order one for 
each child in the four r ight-hand rows? (Some of the desks 
are probably not bei ng used). 
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CHAPTER X 
FOUR FU1TDAMENTAL PROCESSES V.'I TH VIHOLE l-TUBBERS 
I. Ad dition. 
A. Upper Decade Facts in Addition 
1. Adding by endings, is kno wn as higher decade ad dition. 
The one-f i gure numbers are in the lowest decade, but 
the two- f i gure numbers are in the higher decade.l 
2~ Facts up to 10 are usually included in all programs 
before the child enters grade 6. For almost all the 
ideas should be clear that ad ding means grouping 
numbers together to obtain a large r number. However, 
the u se of concrete materials is effective here. Use 
two group s of ten sticks and three separate sticks f or 
23. Let . t wo group s o f ten c hi l dre n and three addi tiora' 
chi ldren stand in the front of the r oom, to emphasize 
the idea of a dding ten and ten and three. 
3. Before spe e d is siressed, be sure of accuracy in com-
binations, as in the basic facts of 8 and 4, or 
9 and 6. 
In lov1er decade f acts, use games to fix these learned 
facts. 
B. Suggested Approaches 
1. Let the childre n think up s hort problems, to ask each 
other, as: If we get 7 bottles of milk today and 5 
tomorrow, how many do we get f or the two days? This 
type g ives at least two practices--one for the 
~ueckner an~oss ni ckle-1- OJ2 . cit. _ ~ 217. 
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orig inator of the problem, and one f or the pers o n who. 
ans wers. 
2. Co ncrete or semi-concrete objects make a 'sum' meaning -
ful, as 2 books and 5 b ooks, or 3 circles and 7 circles 
Abstrac t alg orism should follow, not prece de o b jectify-
i ng examples. 
3. In si ng le column a dditio n (It does not matter which way 
a class a dds a co lumn of f i gures, upward or downward )l 
it is recommended that pupils be taug ht to add down-
ward in f i n ding the s um and c heck by a dding in the 
o ppos i te directi on. There are two t y pes which contain 
three or more numbers. There is the type 
2 
1 
3 
and the typ e 
6 
7 
5 
Ad ding downward, the sura of the f irst t wo numbers is 
still a s i ng le figure, 3, to which another s ing le 
fi gure is a dded. 
In the seco n d example , howev ~') r, there a ppears, after 
a dd ing the first two numbers, an answer conta i ning t wo 
fi gures. To t his unseen ans we r of two fi g ures, the 
s i ng le ~number must be a dde d . 
The c hild shou ld be taught, t hen, to add by end ing s--
a one-step pro cess f or h i m, r a the r than mentally 
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lBrueckner and Gro s snickle, op. cit., p. 214. J 
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•carrying 1 --a t wo-step p rocess. 
4. Within the same decade, in add i ng 6 and 7 (basic fact) 
to ge t 13, the child shou ld be l e d to t hink of the 
ending s when combining with the next ad dend 5. Here 
the re is not any 'bri dg ing' from one decade to another, 
he merely u ses the k nowledge tha t h e has., that 3 and 5 
ma k e 8 , and he us es the •end i ng s-pattern' to imme-
diate ly think 1 18' f or a c ombi nation made up of 13 
and 5. 
Special · practice mus t be iven on these basic racts, 
f or t hey are used so often in col1unn additi on and 
mul ti p licati on when there is carry ing. Ev e ryday 
experiences, even p l aying marbles u se s u ch ad dition. 
5. Teach fi rst, those f acts wi thin the decade . Us e obj ec ts 
to fix the idea as you go along. 3 and 2 make 5, t hen 
13 a nd 2 (the 13 be ing a 10 and 3 .ones), when added to 
the 2 will have to end in 5 . Do the same with 23 a nd 
2. Use 2 bundles of 10 and 3 s eparate ones. Put 
them with t he two separate ones. These combinations 
can be presented in sequence of decades, to have 
children •discovert f or themselves t h e pattern of 
endings. This will help to f ix it in a child•s mind: 
3 13 23 33 
2 2 2 2 
Bridg ing the Decades 
63 
2 
93 
2 
A. Speci f ic t eaching mu s t be done i n this a r ea , when the 
answe r g oes in t o the m&XT decade. use the basic racts 
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at first, that the child knows well f rom lower grades, 
as 17 • This uses the basic fact of 7 and 8 for the 
· 8 
ending. Then progress to 27 37 
8 8 
B. Suggested Approaches 
1. For a time, if some children are slow. in getting 
the concept, use concrete objective material, such as 
bundles of tens, and single sticks or discs. Let the 
children needing the practice use semi-concrete 
objects as well, making groups of marks or circles on 
the board. These objects will visualize the fact that 
he moves from one decade or bundle of ten to the next 
higher bundle. If he has the basic fact in mind that 
8 and 7 will end with a 5, t he n whe n he s hifts his 
matches or sticks around to make 28 and 7 he will have 
t wo tens, and another ten made from t he 8 and 7, but 
when grouped into a third ten (the next decade) he wil 
have 5 ones besides--using the tending-pattern'. He 
has discovered that t he tens fi gure in the answer is 
one more than the tens figure in the initial ex~~ple, 
containing two fi gures. 
The aim of this process is t o enable the child to do 
the add i tion me n tally in a one-step process, as in the 
example 8 he should realize that he must a dd- to -- the •· : ' 
8 
5 
7 
UNSEEN 16, a five--and t hat he must come to do it by 
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the one-step process of ending s, bridg ing the deca de. 
He must see that to the UNSEEN answer he must add 7, 
within t he same decade, but also by the use of endings 
Perhaps, at first, he will be conscious o f t he individ-1 
ual steps, as a new driver o f a car is conscious of 
each action t o be per fo rmed, but he should soon learn 
. to do these steps automatic ally and spe e dily, with 
repeated, meaningful usages. 
2. Tlus knowledge is essential in column addition, and 
also in multiplicati on, whenever carrying is done . 
There is an a dvantag e (for s ome ) in writing the f orm 
hori zontally. It helps to eliminate ~he mental 
proness to 1 carry-the-one 1 • So f or prac tice, examples 
may be written: 2 + 5 = 7, 22+ 5 = 27 
42-+ 5 .. 47 • In this vmy the child w:tll _ !.thi nk' two 
and five, t wenty-two and f ive, forty-two and f ive. 
3. There are five steps to sequence in development- -
Concrete-- -Abstract---Back to concrete: 
a) count conc r e te obj e cts (from big objects, as 
chairs to small objects, as buttons. 
b) Use markers to •represent• a fact, by u si ng an 
abacus, making a picture of the fact . 
c) Represent the fact by use of semi -concrete 
symbols--squares , circ les, matches. 
d) 1:'\r i te the f ac t in the notation for ad dition. 
e) Use the fact i n a verbal problem and social 
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applications. 
No 'order' has proved superior to any other as to which 
fac t should precede which. 
4. Then move on to those combi nat i ons not exceeding the 
sum of 18; i.e., the sum of the first two will not be 
g r eater t han 9; adding up, as: 
7 4 
6 5 
2 3 
5. Give, and l et the children g ive, simple problems using 
such situations as: Tom lost 8 marbles to Jack, 7 to 
Bill, and 5 to Jimmie. How many did he lose in all? 
(or) In sewing, Shei la used 6 p ins on one side of the 
pa tte rn, 5 on the other, a n d 7 on another. How many 
p ins did she need ? 
6. Adding by ending s: i.e., we use 2-figure numbers 
(56), added to a one-figure number ( 8 ), in column 
a ddition and in multiplication (7 x 8, 8 x 8 ), 
1'--not bridging the decade--21 and 7 
2'--bridg ing . the decade--28 and 7. 
7. After t he basic facts to 20 are securely f i x e d , teach 
the more advanced upper decade facts over 20, no bridg~ 
7 
ing and bridg ing , u sing the facts as 6 a dding up, 
5 
basic fact is 8 and 5 makes 13 ; 8 
13 and 6 ( within the decade) 19, and bridging the 
decade, 26. 
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There are 90 examples which represent a ddi ng by end-
ing s in the teens as shown on the chart fo llowing . 
There is no f ixed number of adding by-e nding s to be 
taught, such as those up to 40. Teach as niany as 
needed, until children can g eneralize about the remain-
ing ones. 
Generalizations are f ormed f rom observing the oper atio 
of a principle u nder varying conditions.l 
c. Evaluation 
1. Careful observation must follow work, to see that the 
transfer of this concept is establishe d when using this 
type of combinati on in . column addition, as well as in 
multiplication. 
2. See if all can: 
a) Objectify an examp le given 
b) Do rapi d , accurate practice 
c) Use the concept in verbal problems 
3. Let the pupils objectify until comprehension is 
thoroug h. Have the slower pupils do it with two or 
three types of objects, such as cards, soda straws, 
markers, e tc., to represent each number. Let him 
count to find the total .number of cards, to bring out 
the fact of the unseen number in the cohunn. Ability 
Brueckner and Gro s snickle, op. cit~, p. 203. 
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to retain unseen numbers is helped by oral practice. 
This ability is necessary in column a ddition. Short 
columns o f three figures g ive suf ficient practice, 
without demanding too great a span of pupil's attention 
4. For each three numbers there are six possible combina-
tions, making a total of 120 possible combinations not 
exceeding the sum of 10. 
1 
2 
3 
2 
1 
3 
1 ·.· 3 
3 1 
2 2 
3 
2 
1 
2 
3 
1 
5. Start an illustration and let the pupil comp lete it. 
For instance {within the decade) give: 2 
3 
up to 92. 
:3 
12 
3 
22 
3 
6. Let the-Ghild demonstrate with semi-concrete objects 
7. 
8. 
for the others in the class, to s how that he understand 
the pattern, as 
;;;;;II 2 7 
vo the same, using 
Objects here wi ll 
I I I I~~ II/;~/ 12 7 
numbers not within 
8 18 28 
4 __± _..4. 
emphasize the change 
the decade: 
in grouping into 
lO•s, in the t wo-figure number. 
As a carry over to multiplication, demonstrate with 
objects or markers; then have individuals demonstrate 
how 438 , when carrying the 3, really means that units 
x4 
of 2--a:Fe being written do1Nn and the 3 tens are being 
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carri e d over to be a dded to the product of the 4 x 3 
t ens. 
A faulty knowledg e o f basic facts causes more errors 
in the four fund~mental processes than any othe r item. 
So this type of evaluating wi ll be: Do they get 
processes wrong b e cause of some weakness in basic fact 
knowledge? 
10 
1 
11 
1 
12 
1 
13 
1 
14 
1 
15 
1 
16 
1 
17 
1 
10 
2 
11 
2 
-
12 
2 
-
13 
2 
-
14 
2 
-
15 
2 
-
16 
2 
-
17 
2 
-
~18 2 
-
19 19 
1 2 
10 
3 
11 
3 
-
12 
3 
-
13 
3 
-
14 
3 
-
15 
3 
-
1 6 
3 
-
17 
3 
-
18 
3 
19 
3 
10 
4 
11 
4 
-
12 
4 
-
13 
4 
_._ .. 
14 
4 
-
15 
4 
-
1 6 
4 
-
17 
4 
-
18 
4 
19 
4 
10 
5 
11 
5 
- -
12; 
5 
-
13 
5 
-
14 
5 
-
1 5 
5 
-
1 6 
5 
-
17 
5 
-
18 
5 
19 
5 
10 
6 
11 
6 
--
12 
6 
-
13 
6 
-
14 
6 
-
15 
6 
-
16 
6 
-
17 
6 
-
18 
6 
19 
6 
10 
7 
11 
7 
-
12 
7 
-
13 
7 
-
14 
7 
-
15 
7 
-
16 
7 
-
17 
7 
-
18 
7 
19 
7 
10 
8 
11 
8 
-
12 
8 
-
13 
8 
-
14 
8 
-
15 
8 
-
1 6 
8 
-
17 
8 
--
18 
8 
19 
8 
10 
9 
11 
9 
-
12 
9 
-
13 
9 
-
14 
9 
-
15 
9 
-
16 
9 
-
17 
9 
-
18 
9 
19 
9 
This diagram shows that there are 90 examples which 
represent adding by endings with the teens . l 
!Brue ckner and Grossnickle, op. cit~ , p . 223. 
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II. Subtraction. 
A. As there are 100 basic a d dition facts, there are like-
wise 100 basic subtraction fa c ts; and a relationship 
s hou ld have been establis hed in the process of teach-
ing 3 -' 2 = 5, 2 from 5 leaves 3. 
1. As children leave primary grades , addition and 
subtraction f acts are taug ht concurrently, 
9f 7 = 16 
7-f9 = 16 
16:-7 = 9 
for parallel learnings. 
16-9 = 7 
There is also, as in ad dition, no proven order 
of difficulty in f act sequence, except t ha t it 
is an accepte d truism t ha t easy facts s hould be 
presented before difficult (but who i s to decide 
which is most difficult f or each i n dividual?). 
Recurrent experience s are essential to develop 
ins igh t, r a t her than automatic res ponses. 
2. Just as a ddition means t o pu t numbers together, 
so subtraction means to separate numbers, or to 
take one number f rom ano the r. 
There are four different kinds of situations: 
a) How many left? (remainder) • 
b) How many more t han another? (diff erence) 
c) How many needed to a dd t o get a 
number? (amount needed) 
d) How many more in the _group different from 
I ' 
======~~=====================~-~= 
others in t he group? (As in a group of f ive kitten 1 
I 
there are three white and two black. How many more 
white kittens t han black ones?) 
Include numbers with zeros. 
3. For upper grades, there are the t wo methods of subtrac-
tion--a) additive, and b) take-away-from. For instance 
the additive method used in~~ would be the thought-
pattern of 9 and what are 17? 
In the take-awa y -from-pattern, t h e idea is 9 from 17, 
or 17 less 9 is 8. However, the wake-away-from is 
more meaningful, as it may be objectified easily by 
the children for better understanding. 
4. As in addition, there is the type within the decade--
28- 5, and . the type bridg ing a decade--22- 5. 
These 'endings' should be stressed at first with con-
crete objects or markers, so that t h e ans wer will be 
the result o f one mental step. The teaching of ad-
dition and subtraction bridging decades should be 
tau gh t concurrently. 
5. If the decomposition method h as been used in grades 
below 6, be certain that by the use of objects pupils 
k . h t 36 b . t t . . h . . now t a _9 means orrow~ng en to pu w~w whe 6 wo 
make it 1 6 . 
Also, help the majority to get rid of the 'crutch' 
of crossing out numbers in the minuend. Some pupils 
·will not be able to do the work with unseen numbers, 
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so f or them the cru tch will continue to be a 
necessity. 
6. Make certain that proof or checking is understood so 
that the answe r wi ll not be 'forced' by u sing a 
second mistake to prove a mistake already there. 
B. Evaluation 
1. Social situati ons arise in every classroom, such as: 
The re are thirty-thre e belonging today and five went 
to the library. How many are le f t in the room.?· or 
Frank got 19 words correct out of 25. Hovt many d id 
he g et wrong? 
These two types show exrunples expressing rema i nder 
and difference. 
III. Multip lication. 
A. Relation of multiplication to ad di tion 
1. Multiplication is a quick metho d of addit i on , as 
4 x 3 means the same as 3 ..._ 3-+ 3 '+ 3: 
2. Meaning o f the algorisms. 3 x 6 me ans 3 sixes 
(3 6 ' s ). It is often a g ood idea to write a 
list of facts us i ng the apostrop he rathe r t h an thE 
x si gn, as: 1 3 
2 3 1 s 
3 3 1 s 
4 3 1 s 
Have children always read algorisms this way--
t wo three's--whether written 2 x 3 or 2 3 1 s. 
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Have them portray wha t several algorisms mean, 
as 5 x 4 means //// //// //// //// //// , 
differing from 4 x 5 which would be picture d 
as IIIII IIIII IIIII 11///. 
3. lltfhile 'tables' are not learned by rote, an 
orderly arrange ment may be f orme d from 
separate known facts, after pupils are sure 
how the ans we r is made up from 'quick ad ding ' 
of the same number a certain number of times. 
Show t hem he re that 24 may be regrouped to 
make 6 x 4, or 4 x 6, or 12 x 4 or 2 x I~ or 
3 x 8 , or 8 x 3. 
4. After doing many e x amples in which· 10 is the 
multi p lier, the class should be le d to 
generalize about the faQt that any whole 
number multiplied by ten simp ly annexes a 
zero, doing it by a quick me t ho d . This con-
cept will be the basis of multiplication by 
100 and 1000 also. 
B. Suggested Approaches 
1. Demonstrate that multiplication is a form of 
addition, that 41" 4"'" 4 is t he same as 3 4' s. 
Let the pupils go to the board fr equently and 
encourag e 'di fferent' kinds of objects, as, 
/// /// /// ///,or xxx xxx xxx xxx, or 
43 
Have them draw objects from algor isms , or 
algorisms from o b jects that the teacher draws 
or points out, as: 3 x 7 could be 3 rows o f 
seven des k s in each row. 
2. As each successive fact is built u p , not 
necessarily in order; relationships are estab-
lis hed; t hen the class may arrange the facts in 
order of tables. This arrang ement will also 
emphasize the r e lati onship of each ans we r be i n8 
equally greater than the one preceding it, as: 
3 X 2 
4 X 2 
5 X 2 
II !t II 
II II II II 
II II II II !t 
This i s sure to impress them that it is a qu ick 
method of addition. By this time, because of 
meaning ful a pplication, any algorism may be 
selected to be objectified, not nece ssarily 
f rom one particular 1 table'. Therefore, there 
is no dang er of the 'tables' becoming only a 
mechanical repetiti on. 
3. Allow the c lass to write ou t many examples 
at the board in whic h numbers are multiplied 
by 10. Some pupils wi ll quickly see the p os-
sibility of a nnexing a zero when multip lying 
by 10; the slower will n e ed more time and more 
examples before they realize the f act. 
4 4 
4. Emphasis may well be placed on the use of zero, 
for its misuse often is the basis of many 
errors. Have the class realize that t wo 
attempts to make a basket in basketball is 
still scored zero; i.e., 2 x 0 = 0. Also, 
zero spelling words in the six sections of 
their spelling notebook would still be 0, or 
6 x 0 • 0. From these i de as they will think 
of many similar possibilities. 
c. Evaluation 
1. The use of the abacus is suggested here as a 
test o f whethe r 'zero' and its meaning are 
understood by everyone. Using an abacus, 
demonstrate numbers by forming them quickly on 
the abacus. Let many pupils also make numbers, 
written or dictated. At first, use numbers 
wi thout zero, s u ch as 724. Then, when they ar 
thoroughly familiar with the idea of each wire 
representing a 'place' use numbers such as 
408 ; that is, 8 beads on t he u ni ts wire, and 
NO bea d s on the tens wire (or ten taken no 
times, using zero as a place ho l der); then 
4 beads on the hundreds wire. 
2. Have the class also suggest verbal problems 
i nc luding the use of zero--as thre e hits ma de 
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IV. 
I 
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_j 
on a baseball field but no one crossed home pla teJ 
made 3 x 0 or 0 runs. 
I 
bel The teacher should remember that zero may 
multiplied by a number, but the reverse is not 
true. 0 is a multiplication fact, but 3 is not.l 
x3 xO 
Divis ion. II 
I A. The relati on o f division to subtraction 
I 
l. Even and uneven division 
I 
! 2. Division with one-and-two-figure divisors 
3. Division with one-figure divisor--done in 
grade 6 by •short-division' 
4 . Introduce three-figure divisors 
5. Again stress meaning o f remainders, and how 
to wr i te them 
6. Proof of long division by multipli cation 
7. Dividing by 10 the 'quick' way, when a n~unber 
ends with 0, (or by 100, or 1000 when the 
number ends with 00 or 000). 
B. Suggested Approaches 
1. Just as multiplication is a short method of 
addition, so division is a short method of 
subtraction. For instance, 8 divided by 2 
really means 2 is subtrac ted from 8 how many 
times? Division shows two things--first, how 
l Brueckner ana Grossnickle, op. cit., p . 251. 
=--
many times one number is as large as another 
number, and sec ond,the size o f equal parts int 
5 
wb.ich a number is divided. Thus, 3¢J15¢ 
and 3~ • Work several of this type out 
with objects, cents, discs, or markers. 
2. In even division, with a one-figure divisor, 
renew emphasis on where the initial number g oes 
X 
in the quotient, as 2)1124 ; i.e., the 5 is 
written over the second 1, as it represents 
11 ~ 2. Eliminate any crutch of p lacing an 
0 over the first 1. 
3. In simp le examp les involv ing U. s. money, b e 
sure pupils put the decimal over the decimal 
be f ore they begin the division. This is an 
important process for decimal-division later. 
4. Give plenty of practice in the use of zero in 
dividend, divisor, and quotient, as 3)3072, 
908 
3~, 7J6358 
5. In the use of two-figure divisors there are 
the especially difficult 1 demon 1 divisors 
between 13 and 19, difficult because they do 
not f it the pattern of •trial divisors•. For 
instance, the example, 16)9123 is one of the 
most complicated examples in division. These 
requ ire extra attention. 
6. From t wo-figure divisors work progresses to 
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three-figure divisors. These are not just 
•other examples•. They demand detailed ex-
planation to establish eas e in finding the cor 
rect trial divisor. If the children have had 
the •apparent• method of estimating the 
divisor, the three-figure divisor will not 
cause t oo much difficulty. That means the 
estima ted quotient will never b e more than 
three removed from the orig inal e stimati on, 
and even tha t removal will always be by 
decreasing . However, if s ome of the c hi ldren 
have been taught the increase-by-one method, 
confusion arises when starti ng three-figure 
divisors. This confusion arises because, with 
a two- f i gure divisor the guide f i gure is 
increased by one when t he one 1 s f igure is 6 or 
more, bu t in a thr e e-figure divisor, the guide 
fi gure is increased by one when t he ten's 
figure is 6 or more. It has been found by ex-
periment that the use of the •apparent' method 
of f inding the true divisor simpli f ies instruc 
t i on for t his di f ficult process, and can be 
u sed from the beginning o f instruction in 
long division. 
7. Again, stress meaning of remainders. In 
lower grades children probably had the prac-
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tice of reducing all remainders over the divisor, 
to lowest terms. This is not needed fo r long 
division e x amples which have 2-and 3-figure 
divisors . Tea ch the pupils to place there-
mainder beside the \!Vho le quotient wi th rxxxx. 
8. The relation of division a nd multiplication is 
1nade evi dent when Ghe children learn the mean-
ing of proof and ch ecking of division examples, 
and realize wby the quotient is mult i p lied by 
the divisor and the remainder added to g ive a 
product t hat is the orig inal dividend. 
9. As the children have already had the quick 
meth od of mu ltiplyin g by 10, 100, and 1000 made 
meaningful to them, they wi ll readily understand 
and be able to generalize the same i dea in re-
verse, when t h ey are s h own how numbers ending 
in 0, 00, 000 may be divided by 10, 100, and 
1000 respectively. 
c. Evaluation 
1. Write a few abstract examples on the board and 
have individuals g ive the 'apparent' divisor 
orally. 331T21BIT4 923)71994 548)26300 
2. Encourage the pupils to orig~nate verbal prob-
lems. --A hi g h altitude p lane cruises at 
a bout 230 mi les per hour. About how many 
49 
hours wou ld it tak e to cross the Atlantic 
Ocean f rom Boston to Manuel's home in the 
Madeira Islands, 2900 miles away? 
3. ~rite a completed example on the board. Have 
an individual tell what the apparent trial 
divisor would be in such an example. 
13 
230)2990 
230 
bmJ 
690 
Diagnostic tests shou ld b e given at intervals 
to discover lapses in comprehension. 
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CIU.PTER XI 
DIAGNOSTIC TESTS WITH WHOLE NUMBERS 
A diagnostic test in t he use of whole numbers should b~ 
scaled from easy to di f ficult. It shou ld conta i n: 1 
A. Addition 
1. Addition f acts in lower de cade combination of t wo 
nu.mbers,horizontal and vertical algorisms; larger 
number first and large r number last, larger number ati 
2. 
3. 
4. 
the top and at the bottom, as: 
4-\-3 = 7 2 
+2 r5 
1+7 = 
Addition, using zero. 7 "*" 0, 0 + 5, 
4 0 16 
-..D t3 +0 
Addition of facts in upper decade. 12 
Column a ddition, using units § having .y-__2. 
2 
units for the answer. 
26 
..,...5 
5. Co lumn addition, 
42 
wi thout carrying, using more than 
u nits. 13 
24 
6. Column a ddition, with carrying, using the same 
423 
number of places. 551 724 
7. Column a ddition, with carrying, u sing unlike number 
421 
of places. 41230 
6 
8 . Co luran a ddition of U. S. money. ~~ 4. 25 
.53 
.05 
! Brueckner and Grossnickle, op. cit., p. 401. 264 .10 
B~ton Univet:~lt.y 
School of Education 
library _.-
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B. Subtraction 
1. Subtracti on facts in lower decade, horizontal and 
vertical. 9 8 7 
-3 
2. Subtraction facts in lower decade, •.using zero. 
8 o, 7 7, 5 4 
-5 -0 
3. Subtraction facts, in upper decade, 
13 7 {basic), 25 4 (not bri dging decade), 
27 9 ( bridging decade) 
12 27 37 
-8 -5 -8 
4. Subtraction, not borrowing, same nuEber of places. 
469 
-324 
5. Subtraction, borrowing; same number of places. 
423 
-317 
6. Subtraction, borrowing; unlike number of places .. 
7. Subtraction, 
8. Subtraction, 
9. Subtraction, 
using 
using 
427 
-38 
zero 
400 
-267 
zero 
496 
-207 
using u. s. 
$87.00 
-
.76 
in minuend. 
in subtrahend. 
money. 
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c. :Multiplicationl 
1. All facts wi thin 9 x 9 
2. Multiplicat i on, u s i ng 0, 4 x 0 
3. Multi plicati on, withou t carry ing 83 
x2 
4. Multip l i ca tion with carrying 87 
x7 
5. Multip lication with zero in muiTi p licand, one and 
two numbers in multiplier 409 409 
x 7 x79 
6. Multipli cation with zero in mu l t ipTier, as f inal 
number, or as mi dd le number 439 439 
x270 x207 
7. Multiplication, us i ng u. s. Mo n ey in multip l i cand 
$86.43 
x7 
D. Division 
1. Short division, even. 2 )8642 
2. Short divis i on, r ema i n der. 2)8623 
3 . Short divisi on, done long-division wa y , wi th 
carrying . 2 )8614 
4. Short divisi on wi thou t, and wi th remainder. 
2) 8614-
5. Short division with zero in divi dend 2)7054 
6 . Short division with zero in qu otient 2)2125 
7. Long divisi on, u sing a t wo number divisor, with 
and wi thou t remainders 2)""8"6'' 
lL. T. Br ue ckne r, Progre s s Tests in Ar i t hme tic Pro cesses, 
Philade lphia: John c. Winston 
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8 . Long di visi on with zero in divisor 20}"1(659 
9. Long division with zero i n dividend 57}8026 
10. Lo ng division with zero in quotient 32)3 51 69 
11. Long divi sion, vvi th di viso r be twe en 14 and 19 
A screening test suitab le f or locating difficulties at 
Grade 
I. 
II. 
III. 
I v . 
v. 
vi. 
6 level : 
Add i tion 
1. 96 2. 875 3 . 845 4. 305 5. 795 
41 967 9 90 977 
32 -- 560 600 738 
- 78 5 528 
- -- 957 
--
Subtrac ti on 
1. 8 7 6 2. 982 3. 8254 4. 6003 5. 90805 
-351 -709 - 4596 -2736 -24785 
-- -- - - --
Jviu1 tipli ca tion ... -A 
' 
1. 721 2. 624 3. 958 4 . 60 50 5. ~~ 90 .01 
x4 x3 x 7 x8 x9 
-- -- -- --
Multip lica tion--B 
1. 75 2. 86 3. 68 4 . 785 5. 897 
x 10 x20 x47 x90 6 x850 
-- -- -- -- --
I 
Division--A 
1. 3}T5'9" 2. 5"}8"5" 3. 7}"493" 4. 6)3659 5 8)5427 
Division--B 
1. 20~ . 2. 35)1750 
5. 28)2443 
3. 64}32I7 4 . 17)1087 
l Brueckner and Grossnickle , op . cit., p . 401. 
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CHAP 'l1ER XI I 
FRACTI ONS 
A. Terms 
1. There is a list of te chnical wor d s ne eded for fraction~ 
as there is a list of technical words in any science. 
This list would include: numerator, denominator, 
proper f raction, improper fraction, mixe d number, 
reduce, and invert. (See also Iroquois textbook 
p 0 307) 
2. Ad ding , Subtracting , l-1ul tip lying , and Dividing 
Fractions 
To b e taught meaning f ully, f racti o n s must have social 
significance as well as mathematical rela tionship. 
However, a sequential order must be de velop ed rather 
t han a random sequence dependent entire l y on an 
activity program.l 
As a~ result o f many experiences and social application~ 
in concre te f orm, concepts can be developed in an 
orderly pattern so the c hildren will be led to 
generalize and form rules. This is preferable to 
having rules learne d f irst and processes performed 
blindly to conforr.1 to rules. 
At f irst, concrete objects s u ch as 1/2 an apple or 
3/4 of a sheet of pap er may be used to represent the 
concep t to be gained; after that, semi-concrete 
lBrue ckne r a n d Gro s snickle, o p . cit., p. 298 . 
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drawing s can help to visualize the idea 
of 3/8 being the shaded part. 
B. Suggested Approaches 
1. Fifth grade programs usually include the us e of the 
terms and a beginning of the four processes using 
fractions. Nevertheless, the six th g rade teacher 
should be certain that her class understands the 
numerator is the number above ~he line telling ho w 
many parts, and that the denominator is the number 
below the line telling into how many parts the unit 
has been divided.l 
2. Progressing from numera tor and denominator, the chil-
dren s hould have pointed out to them that a fraction 
may repres ent : ·2 
a. A part of a who le, as 3/4 inch 
b. A part of a group, as 4 is 1/2 of 8 
c. The ratio of one amount to another, as one boy has 
2/3 as much money as another boy 
d. Incomplete division, such as the fractional 
remainder whe n dividing 
3. Fractions in addition and subtraction usually represen 
measurement of some kind in actual situati ons. This 
leads to the fact that like fractions can be a dded at 
once, but tha t unlike fractions must be changed to a 
lpfiiladelphia course of Study, p. 146. 
2Brueckner and Gro s snickle, op ~ cit., p. 294. 
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comraon denominator i n ord e r to make the computati on, 
similar to situations using whole numbers. 
Social applicat i ons enter the picture h ere, for while 
it is possible to add 1/2 and 1/7, s u ch an example 
will rarely arise in a s oc ially significant situa tio n , 
as there is no meas u re in common experience that is 
divi ded into units o f 7 or 14. 
Fractions that are most c ommonly used in ad dition and 
subtraction will have denominators which represent the 
number o f units in meas u res s u ch as 2, 4, 8, 12, and 
16. There f ore, it is seldom necessary to use co~mon 
denominators above 16 for developing skill in compu-
tat i on. Howeve r, the list of denominators cannot be 
entirely confined to these numbers, because fractions 
show comparison betwe en any two amounts. For instance , 
a boy may pitch for 9 out of 14 games his team played, 
or 9/14 of a ll the g ames. Also, some one mi g ht get 19 
out of 20 spelling words correct or 19/20 correct of 
all the words g iven. 
In common bu s i ness practice, most fractions will have 
po s sible denominators of 5, 10, 50, 100. 
4. There are several ways in which a common denominator 
can be found when adding t wo fra c t i ons, if the denomi-
nator is not readily di scove red by inspection. One 
metho d is the trial and error way, in which the larger 
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~/ 
or largest denomina tor is first multiplied by t -vvo to 
see if it ~hen becomes a cownon de nominator. If that 
is not the correct number, then the same denominator 
is multiplied by three and tested--and so on tintil a 
cownon denominator is found . 'rhis wi 11 result in a 
least comrnon denominator. 
When there are only two denominators, there is a 
quicker way, which consists of multiplying the t wo 
de nominators together. That will provide a common 
denominator, but not always a least cormnon denominaron 
In an examp le which contains thr e e unlike denominators, 
use the trial and error (x2, x3, x4) method with the 
largest denominator g iven in the example. 
,i· r-r. . 
[J.f-v- A third method is by f actoring the denominators to 
find prime factors, but this should not be taught at 
elementary school level. 
For purposes of finding common denomi nators of less 
frequently used fracti o ns, information on the g eneral 
princip les need only be taug ht to the more able 
pupils. Additi o n o f s u ch u nrelate d fracti ons as l/6 
and 1/8 should be deleted from work required of any 
slow pupils, as these fractions have a very limited 
social application. 
5 • . For comparing fractions, that is, leading to adding 
and subtracting, use c oncrete experiences. 
a. u se an apple. cut it into halves; then, into 
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quarters. Show how the 1/2 equals the 2/4 and 
demonstra~e how the sections may be added when 
the 1/2 is also made into quarters {common 
denominators). 
b. Let the children tear paper into sixths. They 
will readily see that 2/6 equals 1/3, and that 
these sections may be added. Let children suggest 
their own ideas. Their list might contai n thing s 
they share: orang es, appl -:e s, candy bars, ribbon 
to cut into equal parts for a sewing lesson. 
Stress the equal division of whatever t hey make 
from the whole . 
c. Two glass meas uring cups with marked fractional 
divisions can be used in a demonstrati 0n. 
d. String, ribbon, paper tape are easily handled 
objects that can be used to show equivalents. 
e. A block of clay is a solid that can be cut into 
equal pieces, and assembled again to show 6/8 
equals 3/4. 
f. The ruler that each pupil has will be handy to 
use. Use rulers showing divisions of eighths, 
quarters, halves. One pupil can name a fraction 
s u ch as 11 3/4" and choose sbmeone to find its 
equivalent on the ruler, · in e ighths. 
The more concrete objects the ch i ld manipulates, 
the better he will gras p the meaning of fracti onal 
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parts of a whole. He should first be able to identif 
a fraction from a semi-concrete illustration, as: 
telling you the colored section 
equals l/4. 
He should also be able to reproduce a fraction, from 
~he teacher's dictation, as 5/6 equals 
'I'he teacher should always emphasize the importance of 
dividing free-hand drawing s carefully into equal 
sections. 
From this development of fractions . with concrete and 
semi-concrete materials which show equivalents of one 
fracti o n vvi th a nother (as 2/4 with 4/8) chang ing to 
hig her and lower terms wi ll present no problem, 
becaus e that is what the pupils h ave seen done before 
their eyes. ~his step leads to the generalization 
that. the n~:r.a tor and denomi n a tor of a fra c tion may 
' ~-
be multiplied (or d ivided) by a number, wi thou t 
cj2anging its value. 
If 'reduce' is i dentified with the procedure of making 
3/9 = 1/3 and t he word 'chang ing' is reserved for such 
fraction changes as 3/~ = 9/15, or 9/2 = 4 1/2; then 
these terms will be more meaningful and less conf using 
to the children than when 1 reduce 1 is used for all 
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types of change. 
Business u sag e does not always demand fractions be 
used in lowest terms, as we speak of a gallon o f oil 
being priced at 18 4/10~ and not 18 2/5~ 
c . Evalua tion 
1. Encourage the members of the class to bring in almost 
any possible concrete material; l e t each one give a 
demonstration of the fractional equivalents he has 
developed and how he has done it. One mi g ht bring in 
only a string, to show the leng th of a tape he needs 
f or four equal sides of a checkerboard he is making. 
2. A girl might bring in three apples she is to share with 
5 g irls, making a total of six g irls. Let her demon-
strate how each vfi ll receive one-half an a pple. 
3. Someone may collect the drawing erasers in a whole row 
of 7. Erasers have been cut in ~alves to make sharp 
edges. one child wo u ld show that he colle c ted 3 1/2 
erasers. 
4. can each one make a picture of what a fraction means to 
him? can they all draw something that represents 
2 1/3, or can they s how wi th balls of clay or with 
straws what 4 l/2 means? 
Can ~hey g o to the wall-pocket-chart and s h ow that 
2/6 takes up the same space as 1/3? 
Can they make up simp le examples using fractional parts 
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or mixed numbers a nd check them correctly when another 
draws the objects? Can they check othe rs' use of the 
wal l chart, when 2 4 / 8 or 3 l/6 is shown? 
Can they realize that you couldn't make 4/3 ou t of a 
p ie? 
Can they see that 8/3 means: 3/3 and 3/3 a nd 2/3, by 
pi ctu r ing it in some way? 
I f so, they can be l ed to u nderstand that there is a 
quick way of changing 8/3, that is dividing the 
numerator by the denominator equalling 2 2/3 (and the 
reve rse, multip l ying the whole number by the denominator 
and adding the nume rator when they wish to chang e a 
mixed number to an improper fraction). 
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'Tell wha; fractional part of each 1• ·-s-ha_d_e_d- 1n-. - these --l-----=--='"'' 
dra\•T1ngs' • 
1 D~ H. Patton and w. E. Young, How and Whi of Ari~hmetic, 
Syracuse, N.Y.: Iroquois Publishing Co., 948, p.~2. 
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Diag ramlof Semi-concrete Materials to sho·w: 
·.1 . I 
I 
; I 
2. F'ractional par ts of a group (showing 2 as 1/3 of the 
g roup 6) 
:OOiOO 
3. The ratio of one number to another, as: 
/' 
2 wholes 00 
3 halves 
larossnickle, Metzner , Y'fade , Number as the Child Sees It, 
John c. Winston Co ., Philadelphia, Pa . 
CHAPTER XIII 
FOUR l'UNDAT\'IEi.\T TAL PRO CESSES 'lir i TH FRACTIO NS 
I. Addition of Fractions (Iroqu ois Te xtbook, p. 3 11) 
A. Becaus e of the work the children have done in 
grade 5 with f ra c tions and becaus e of the meaningful 
'reteachi ng' of fracti onal parts and equivalents 
(redu c ing , c hang ing , etc .) a ddi tion of f ract ions 
shou ld be a simp le review step for most of t he class. 
The re are four major type s o f fract i on-additi on 
examples: 
1. Fractions having like denominators (1/4 and 1/4) 
2. Fract ions having unltke but related denominators 
(1/2 and 3/4) 
3 . Fracti ons having unli ke and related denominators 
with n o c ommon factor present (1/3 a nd 1/5) 
4 . Fracti ons having unlike and unrelate d denomi-
nators, but wi th a common f a ctor pres e nt 
(1/4 and 1/6 ) 
B. Su ggeste d Approaches 
1. At first, u se co n crete objects, as s od a straws, 
t o let chi l dren f u lly compre he nd the 1/4 of a 
who le p lus 1/4 of a whole will ha ve a sum less 
t han a wh o le, but t hat 3/4 and 1/2 will have a 
sum more than one whole. 
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2. work on to semi-concrete ideas, drawi ng objects 
on the board. 
3. Let the children use paper cut into sec tions, 
4. 
or soda straws, or simp ly use i llus tra t ions of' 
sectio ns o f pies or cakes drawn on the board, or 
pupils may use their rulers on which eig hths, 
quarters, and ha lves are always visible. Let 
them work in group s of' threes or f'ours. 
Discuss the f'act that because a whole is 3/3, 
2/3 WOlJ.ld have to be s hown as less than a whole; 
so as there would be also 2/2 in a whole, 2/3 
must be le ss than 2/2 also. From this po int the 
algorism of 3/4 and l/2 and 2/3 wi ll c ome to 
life f'or t h em a nd they wi ll understand how the 
3/4 • 9/12, the 1/2 = 6/12, the 2/3 = 8/12, 
and as they know the y can add like things, they 
can add to get 23/12, or one whole and 11/12 
more, or 1 11/12. 
If they are taug ht only the mechanical alg orism 
of' c hanging f'ract ions to other fracti ons by a 
rule and then a ddi ng, there is no mathematical 
meaning. 
Whe n it is made meaningful, children can~ 
that adding 2/12 and 1/12 a nd 3/12 will have 
the same principle as adding 2 balls and 1 ball 
6 6 
and 3 balls; i. e ., they are ad ding l ike units 
(twelf ths). 
The generalizations at which they arrive shou ld 
be: 
a. Fractions must have the same denominator 
before they can be a dded. 
b. The numerator of the fractions in the ans vre r 
is equ al to the sum of the numerators in 
the example. 
c. The denominator of the f ract i on in the 
answer i s the same as the denominator of the 
f racti ons common to all the fractions. 
To make p la iner t he p rincip le of c hanging 
mixed numbers to i mproper fractions, a 
device emp loyed in so many examples--
pupi ls can b e shown concrete material1 
a gain, us i ng rulers. With several children 
working , together, let them work out that 
3 l/4 i nc hes = 13/4, as t he re are 4/4 in 
each of t he 3 inches and then t he extra l/4 
is a dde d , making 13/4. Also, 3 l/4 = 3 + l/4 
and to have like :parts to add , we have to 
cha ng e 3 to 12/4, so we have 12/4 ~ l/4 o r 
13/4. 
lpfiiladelphia Course of Study, p. 17 6 . 
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22/3 0 
1 1/2 = 
In adding mixed numbers, insist that pupils 
bring the whole numbers over to the right 
each time, if they u se t h e. equals si gn, when 
thing s are equal. For instance, 2 2/3 • 2 4;1 · 
1 1/2 = 1 ;y . 
This concept should be objectified with 
discs, even ~hough the class has u sed these 
algor i sms in grade 5. Vi sualizing 4/6 and 
3/6 making 7/6 or making more than one unit, 
t hey will r ealize vvhy the whole 1 1 1 is ad ded 
in with t h e units, and why the 1/6 pu t dovm 
as part of the ans wer. 
=o: \ 
. . 
~ 
4/6 
1 3/6 
!0. 0 
~'-
Q!V) 
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· A device such as this may be made of 1 pockets 1 in to ·which 
sectional car dboard p ieces may be inserted, or it may be 
drawn on the -boar d . IG help s the children to SEE and under-
stand fracti o nal equivalents. 
This device may be made of equal 
layers of heavy paper, sections 
movable and fastened in the center. 
It can be used to show mixed 
numbers, as 1 whole and 5/6. Or 
it can be moved to show 1/2 covers 
an equivalent of 3/6. 
F . E. Gros snickle and William Metzner, a n d P . E . v:Tade, Number 
as the Child Sees It, Philadelphia: Jo hn c . WinsGon c o., 1947. 
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II. Subtraction of Fr a cti ons (Iroquois 'r extbook, p . 33 5) 
A. The pr o cedure for subtraction will coincide wi th the 
pattern f or a ddi ti o n. That means when teaching 
addition with no sum over a unit, the corresponding 
idea can be presented in subtraction at the same 
t ime . l"or examp le, 1/3 and 1/2: 2/6 and 3/6, or 
5/6; so 5/ 6 - l/2 (less 3/6) equal 2/6, or l/3. 
1. The fo llowing are the t ypes o f subtractio n o f 
fra c ti ons: 
a. Su btrac ti on of like f racti ons , no b orrowi n g , 
as 5/6 - 2/3. 
b. Subtrac ti on of like f racti ons, involving 
borrowing d i fficulties, as 4 1/3 - 1 2/3. 
c. Subtraction of unlike, but relate d fractions ; 
all d i fficu l ties, as 2 l/3 - 2/6 . 
d . Subtracti on of u nlike f ractions, not relate d , 
all difficu lties, a s 4 - 2 1/3. 
B . Suggeste d Approaches 
1. For types invo l ving borrowing many individuals 
ma y be able to write the algor i sm me chan ically , 
but still not u n derstand the idea. For i nstance, 
in an example 3 - 2 2/3, where a who le unit must 
be borrowed from the mi nuend, objects will help 
chi l dren tremendou sly. 
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Semi-c oncrete il l ustr ations wil l ma k e the pupils 
see the equivalent of 3 as 2 3/3, and will show 
how 2/3 can be subtracted f rom 3/3 . 
2. Sugg e st to the c lass that they think of daily 
situations in which such 'borrowing ' is done, 
and have answers to verbal problems given orally . 
As an instance, a g irl might say, "Mother made a 
cake . A fourth ·was g one when I g ot home . What 
was le ft ? (1 - l/4 or 3/4 left") A boy might 
say, "I had a board 2 inches wide and cut off 
1/2 inch. How wide was the board that was left? 
(2 - l/2" or 1 l/2 11 ) 
3. Again for drawing , we might have a 3/8 inch 
strip to cut of f a paper that was 6 inches wide . 
What would the width of the paper be after cut-
ting ? 611 - 3/ 8 11 or 5 5/ 8 11 ). 
4. For sewing a girl bought 2 1/2 yards of cloth and 
the sewing te acher told her to cut o ff a piece 
5/8 yd. long for an apron. How much cloth was 
left? (2 1/2 yd . - 5/8 yd.--involving borrowing 
from the unit) • 
These examples employ the decomposition method 
of subtractionl; that is, making the mi nuend into 
an equivalent from whic h t he fraction in t he 
l s rueckner a n d Gross n ickle, op. cit., p . 231 . 
Buckingham, p. 142. 
71 
c. 
subtrahend may be taken. This type is easily 
objectified for clarity. 
5. By use of rulers which they all have in their 
desks , it is always possible to show pupils how 
1 : 8/8, or that 1 l/4 = 10/8, or that 3 1/4 
inches : 13/4 inches. 
Evaluation I 
1. To get an idea how we ll the pupils understand sub-
traction, give several examp l es fo r them to 
approximate the answers. If they vvere going on a 
picnic, for instance, and bought 2 l/2 lbs. of 
gumdrops and decided they needed 4 lbs., could 
they quickly a p proximate how much more than the 
original 2 1/2 lbs. they would need to buy? 
2. Allow i ndividuals to objectify an example whi c h 
another pupil originates. It mi g ht be one like: 
The radio cord is 5 2/3 f t. long now . It was 
7 ft. long before it was repaired. How much did 
the repair man cut off? 
3. Let s ome draw semi-concrete illustrati ons for 
a l gori sms made up by other pupils • The origi nato • 
should be able to check whether the illustrati on 
is correct. 
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Semi-concrete illustration f or an algorism originated by a 
pupil . 
DODD 
ODV 4 - 2 1/2 
to be worked through to compl e tion 
as follows : 
DOb~ 
\ 
OQC? 
0[7 
s hawing that l l/2 is left. 
III. I'!lul tiplica tion of Frac tions. 
A. There are three types in multiplication of fractions . 
1. Mu l tiplying a fracti on or mixed number by a 
whole number as 2 x 1/3, or 2 x 1 l/8 . 
2. Mu ltiplying a whole number by a fraction or mixed 
nQmber, as 3/4 of 9 , or 4 2/5 x 10. 
3. Multiplying a fraction or mixed number by a frac-
tion or mixed number, as 1/2 x 2/3, or 4 1/2 x 
3 1/3. 
B. Suggested Approaches; 
1. For the first idea (2 x 1/3) objects again 
illustrate the pro ce s s best. Ta k e a p iece of 
paper. Have a child tear it into equa l thirds; 
2 . 
let some one lift 2 of the rthirds' and hold 
them so that every one can see he has 2/3 of the 
whole piece, 2 l/3•s, or 2 X 1/3 = 2/3. 
A boy can· show that 2 X 1 1/8 will be 2 1/4 if 
he thinks of a situation he mi g ht meet in a 
manual training class, as: 2 boys need pieces 
of wood l 1/8 11 long. With rulers, or strips of 
paper and by putting them together, show that 
the one-inch taken t wice makes 2 inches, and that 
the eights taken twice makes 1/4 inch, totaling 
2 1/4 inches. 
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.3 . Volunteers may g o to the boar d to show that 
6 x 1/2 ~ake s three wholes. They may use any 
kind of semi - concrete illustration, as: six half l 
circles would make thre e wholes. 
For the second comm.on concept, a whole number multiplied 
by a fraction or a mixed number : --
The 
1. Let the girls g ive situations t hey find in prac-
tical arts class. A reci p e calls f or 2/3 cups 
of milk and there are 8 girls , so how many cu ps 
o f milk will be us ed ? This can be worked out 
before t he class '-..lsing a standard measuring cup , 
and water--fi lling plain cu p s after measuring i n 
the standard measuring cup. Vihen t hey s e e the 
5 cups f i lled , plus the 1/3 cup , the example 
2/3 x 8 wi ll b e more meani ng ful and more easi ly 
understood. The c lass can also see the relation 
here betwee n multiplicati on and a ddition, that 
the pro ces s was r e ally a ddi ng 2/ 3 cup 8 t imes. 
Someone may work it out ·also by actually doing it 
on the board as an addi t ion e xrunple, and later 
s howing it is qui cker t o do it by multiplicati on 
as 2/3 X 8 or 2 X 8 
- 16 = 5 l / 3 . -3 -s-
third type, multiplying a f r acti o n or mixed · number by 
a fraction or a mixe d number, may be shown as 1/2 x 1/2 . 
1 . I t will be easy to make this vivi d by s h owing the 
use of 'time '. One-half of one-half an hour is a 
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quarter of an hour. Also, if someone shared one-
half a candy bar by cutting it i nto halves a g ain, 
each child would have 1/4 of the orig inal candy 
bar • . 
For. the type 1/8 x 3 1/3, the problem of trimming 
for a puppet show cou ld be used. There are 
3 1/3 ft. of wire on the roll and we only wa nt to 
use 1/8 of it f or the head wires. How long wou ld 
the he ad wires be? .someone cou ld take a string 
3 1/3 ft. long , and f old it into 8 equal leng ths 
(or each piece wou ld be 1/8 of the entire string ). 
VJhen mea sured, the pupils wou l d find the leng th 
YiaS 5 inches or 5/12 of a ft. long . 
After doing a few of this kind, s ome of whi ch may be 
orig inated b :·; the pupils, the g e neralizat ion may be made-
that the mixed number is changed to an imprope r fraction, 
and then the numerators are multiplied and the denomi-
nators are multiplied as is done in f ormer types.l 
The. teacher mi ght suggest a problem such as: A gas tank 
holds 20 1/2 gallons of gasoline and the indicator shows 
rl/8 f ull'. How much gas o line is in the tank? 
For the t ype 2 1/5 x 4 1/3 there wi ll be less opportu nity 
fo r showing social rela tionships in this kind, but i t 
should be i ncluded because of its nee d in ~he systematic 
lsrueckner a nd Grossnickle , op. cit., p . 338. 
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I 
develo pment o f number for which pupils wi ll find a need 
in higher grade mathematics. 
I f the other type s are understood, this a l gorism wi 11 no ' 
g ive any difficulty. 
Vfhen the understan dings of multi p lication are es tab lis he · 
it 'Ni 11 be better for the children to write examp les 
2/3 x 4/5 in t h is form : 2 x 4. Reducti on by cancella-
3 X 5 
tion can be shown then, as all re ducti on has already 
been s ho \'m , that is by dividing the numerator and de-
nomi na tor by the same number. 
process of cancellat i on, a s: 
Division of Fractions . 
This i s exactly the 
1 1 
;e X'/> :1. 
R ~ 
A. Division of fra c tions is usually the most di fficult, 
just as divis i on of whole numbers is the most dif-
ficu lt o f the four fundamental processes. Sometimes 
the d i fficulty arises because we think o f anything 
'divi ded' as ha vi ng a. smaller answer. 
A simple p icture shows 4 rectang les divided into 
halves. 000 .0 
This develops concretely the ide a that 4 has how 
many halves will necessarily have a larger ans v.rer 
than the beg inning 4. So examp les like 4 ~ 1/2 
can be clarified in thi s way . 
As a matter of fact , division of f racti ons is a 
rare ly u sed process in daily life. There are few 
actual social a pplications of f raction being divided 
b y f ract i on. Therefore, most of division of frac-
ti ons is largely mechani cal.l 
There are three types of division of f ractions. These 
are: 
1. A fracti on or mixe d number is dfvided by a whole 
number. ( 3/4; 2 or 1 1/2 ~ 2.) 
2. A whole number is divided by a fra c tion or a 
mixed number. (6 ~ 3/4 or 7 ~ 2 1/2.) 
3. A fraction or mixed number is divided by a frac-
tion or a mixed number. (2/3 ~ 3/4 or 7 1/2 ~ 2 
B. Suggested Approaches 
To u se objects in dividing a fraction by a who le 
number, u se di scs or 'pi e~'·~ Su ch a 
d iagram shows that there were 4/5 of a 
pie on the p late. Y<Jhen the 4/5's are divided into 
t wo equal parts , each part containe d 2/ 5 of the pie. 
4/5 ~ 2 = 4/5 x 1/2, or 4/10, or 2/5. The bri ghter 
c hi ldren will be able to see that dividing by 2 is 
the same as taking 1/2 of anyth i ng , or 1/2 o f 4/5 
wi ll be the same as 4/5 ~ 2. This illustration will 
mean more to a class than just g iving t he rule or 
l Brue ckne r and Gross nickle , op. cit., p . 339 . 
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showing the alg c rism and sayine; , "Invert the divis or 
a n d multiply. 11 
After the children have done such examp les as 4/5 
~ 3 a n d they see that it is the same as divi d i ng 
4/5 into thre e parts or taking J../3 o f it, t hey can 
then ver i fy their examples by multiplication and the 
ne cessary but abstract rule 'invert and multiply' 
will mean someth ing to them. 
2. After t h e simpler t ype has been objectified, the othe r 
two type s can be generalized, wi thout objects, because 
of their insig nificant social i mportance. However, a 
p o ssible use may be shown, as: A sewing class bought 
a bolt of cloth which had 24 yar ds in it. It was to 
be divided into 3/4 yard pieces for the pupils. How 
many pupils wou ld r _eceive p ieces of cloth? Using 
the g eneralization from the f orme r type, the pupils 
will usually invert t h e divisor and multiply without 
any further explanati on, as: 24 yar ds ~ 3/4 yards = 
8 
0it yards x 4 - 32 pieces. 
r.p "-
For such imProbable social s i tuations as those 
involving 7 1/2 ~ 2 1/2 only the algorism need be 
taught, merely as a technique in the systematic 
study of number. 
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CHAP TER XIV 
A DIAGNOSTI C 'l'E:ST I N USE OF' FRACTIONS 
A. Addition of like fractions, wi thou t carrying . 
a 
1. 
2. 1/4 
1/4 
3. 3 1/3 
2 1/3 
4. 2 1/4 
3 1/4 
5. 6 
3/4 
b 
1/5 
1/5 
4 1/4 
5 2/4 
5 1/8 
§_1/8 
1 1/2 
4 
c 
2/4 
2/4 
3 1/8 
2/8 
5 3/8 
3/8 
6 
5 2/3 
B. Ad dition of like fractions, with carrying . 
1. 1/4 
3/4 
2 4/5 
1 3/5 
d 
1/8 
2/8 
5/8 
1/8 
1/8 
2 5/8 
8 1/4 
6 
3/4 
2 3/4 
(The reaso n f or including four examples of each type is that 
this increases the r e liability of the diagnosis. If one error 
is made, it might be accide ntal, but if more than two are 
incor·rectly solved, there is lik ely a di ff iculty present that 
requires investigation).l 
lBrueckne r and Gro s snickle, op . cit., p. 419 . 
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c. Addition of unlike , but related f ractionsl 
a b c d 
1. 1/2 2 )./2 3/4 2 3/4 
l/4 1 l/4 1/2 1 1/2 
2. 1/2 4 1/2 l/3 2 l /3 
2 l/4 3/4 l/6 ~- 'i / 6 
3. 5/6 2 5/ 6 1/3 2 5/ 6 
1/2 1 1/2 2 l/6 l/2 
D. Addition of unlike, and unrelated fractions. 
1. 1/2 2 l/3 2/3 
l/3_ 1 1/2 1/2 
2 • . 1/2 2/3 1/4 
2 1/3 4 1/2 1/6 
3. 2 3/ 4 1/6 5/ 6 
4 5/ 6 .§___ 3/ 4 1 1/4 
E . Subtraction o f f racti ons-like f ra c ti ons. 
1. . 3/5 l/3 4 2/3 
-1/5 -1/3 -2 1/3 
2. 3/ 4 2 l/8 3 1/4 
-1/4 -1 1/8 -2 
3. 6 1 l/3 1 1/4 
-1 1/2 -2/3 -3/4 
l Brueckner and Grossni ckle , op . ci t ~, p . 331 . 
2rb i d . 
2 2/3 
1 1/2 
2 1/4 
3 1/6 
1/2 
5/ 6 
2 
5 1/2 
-3 1/2 
1 
- 1/4 
4 1/3 
-2 2/ 3 
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F . Sub traction of unlike f rac ti ons . 
e, b c d 
1. 1/2 1/3 4 3/4 9 5/6 
-l/4 -l/6 -2 1/2 -2 l/3 
2. l/2 5/6 8 3/4 5 1/2 
-1/3 -3/3 -5 1/6 -4 2/3 
G. Subtraction of like fractions, with and wi thout borrowning . 
1. 3/5 1/3 4 2/3 5 1/2 
-1/5 -1/3 -g_l/3 -3 1/2 
2. 3/4 2 1/8 3 1/4 1 
-1/4 -1 1/8 -2 1/4 
- --
3. 6 1 1/3 1 1/4 5 1/8 
-1 1/2 -2/3 -3/4 -4 3/8 
H. Iviu l tiplica t i on of fractions and whole numbers. 1 
1. 1/2 X 1/5 2/3 X 4/5 3/8 X 3/4 5/6 X 4/15 1/'2 X :q-1, 
2. 5 X 1/10 3/x 2/5 8 X 3/4 4 X 1/4 5 X 1/3 
3 . 1/2 X 4 l/3 X 5 3/8 X 10 ~/2 X 2 1/3 X 4 
4. 2 1/4 5 1/5 7 3/4 8 9 
2 2 6 2 1/4 2 2/3 
r. Multiplication of fractions and mixed numbers. 
1. 1 1/4 X 1/2 2/3 X 5 2/5 7 1/2 X 2/3 1/8 X 2 2/3 
17 1/2 X 4/5 
2. 2 1/4 X 3 1/2 2 2/5 X 1 1/4 2 3/8 X 3 1/3 
4 1/2 X 3 1/6 1 5/9 X 5 _l/4 
! Brueckner ana Grossnickle, op . cit., p. 338. 
J. Division by a whole number. 
a b 
l. l/3 ~ 2 3/8 ~ 3 
2. 3 1/2 ~ 2 6 1/4 ~ 5 
K. Division by f ract ions. 
l. 3 ~ l/4 
2. l/8 ~ 1/4 
3. 6 ~ 1 1/2 
5 ~ 2/3 
3/4 ~ 3/5 
2 ~ 1 1/3 
c 
2/3 ~ 6 
2 l/2 ~ 10 
9 ~ 3/4 
1/3 ~ 1/2 
4 
-:- 6 1/2 
d 
5/8 ~ 5 
1 l/3 ~ 4 
6 ~ 8/9 
5/8 ~ 5/6 
6 -:- 9 1/3 
4. 3 1/3 -:- 2 1/2 6 2/3 -:- 1 l/3 4 4/5 -:- 6 2/5 3/5 -:- 1 1/2 
l Brueckner and Grossnickle, op. cit., p. 3 46 . 
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A diag nostic test in fract i ons shou ld contain:l 
1. Reducing fract :L ons to lower t e rms or to a mixed 
2. 
3. 
4. 
number: 8 = 1 
I6 2 
12 = 2 2 
5 5" 
Ad dition of fracti ons, with like 
Addition of fractions, with like 
3 
sum being over a unit: 5 
4 
5 
Addition of fractions with unlik e 
denominators: 
denominators, 
denominators: 
;!: 
6 
2 
6 
3 
5" 
1 
2" 
5. Ad dition of mixe d numbers, sum of fracti ons being over 
a unit: 2 4 0 
1 2 5 
6 . Ad dition of mixed numbers, like and unlike denominato rs: 
1 
4 3 
2 2 
:5 
Subtrac tion o£ fract i ons: 
1. With like denomina tors, no units: 
1 16 5 
24 2 3" 
4 
5 
3 
-5 
2. v, i th like denominators, mixed numbers;-no borrowing: 
2 4 
5 
3 
-1 5 
l Br u eckner and Grossnickle , op. cit ., pp. 116, 323, 419. 
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3. YtJi th like de nomina tors , mi xed numbers borrowing from. units 
4 1-3 
- 2 8-3" 
Vli th unlike denominators , in three types above: 
4 12 1 26 1 b 3 5" 
2 7 1 7 9 
- 3 - 4 - ro 
========~======================================== ~~-================~======-~=-===-
CHAP TER X:V 
FRACTI ONAL RELATI ONSHIPS 
A. Fra cti onal Relationships 
There are three types of pr oblems the children wi 11 
enc ou n ter which use f ract ional rela t i onships. They are : 
1 
1. Fi n di n g a f racti onal part of a numb e r ~of 9 
2. Findi ng the ratio of one number to another ( t hat is, 
one numb e r is wha t part of a nothe r nlunber). 25 is 
wha t part of 75 . 
3. Fi nd i n g a number when a fractional part of it is 
g iven. $ 15 is ~ o f ? 
B. Sugge s ted Appro aches 
1. Type 1 is a common one t hat c h ildren use every time 
t hey s hare some t h i ng , as i of a bu nch of 6 lollipops 
2. 
will b e 3 lollipops. Childre n may b e sent to the 
store to buy l dozen of lemons that are 60¢ a dozen. 
They know that t o f 12 will b e 3, or 12 is divi ded 
into 4 equal parts and 1 part bought. At this point 
t h ey may b e s h ovvn that the pr i ce f or i dozen will ~ 
be i of the whole price ( 15¢, or i of 60¢ .) ';[ ~ 
Type 2 wou ld be associated wj_ tb. t heir s p elling lesson 
every week. Someo ne got 18 out of a possib le 20 
s 
86 
3. The third type is the most difficult. on pag e 378 of 
the textb ook we find such examples as: 16 = 4/5 of 
what number? 
demonstrated 
If we have ~he idea of fracti ons clearly /1 
to the class, and the fact that every 
whole con tai ns 4/4 or 6/6 or 9/9, etc., then we can 
proceed -co exp l ain -chis type . I i' the denomi nator is 
then we know that the who l e was divided into fifths , 
5 
making 5/5. The problem tells us that four o f those 
fifths equal 16, so ~part or one-fifth must be 
4 )'I"'t) or 4. Therefore, if ~ part is 4, then 5 
parts or 5/5 must be 20. Only after they understand 
this soluti on should they be g iven verbal problems 
that involve this difficult reasoning skill. If a 
plane travels 168 miles in three-quarters of an hour, 
how far can it travel in one hour at the same rate'? 
c. Evaluation 
1. As the third type of e xamp le is regarded asoptional 
material for grade 6, only the top few pupils wi ll 
be able to origi nate problems of this type. 
For the majority, page 70 in the tex.tbook will give 
sufficient practice. The larg est group of the class 
wi ll have covered an adequate pat tern of work to g ive 
them a fou n da ti on for junior high school, if they 
cover the few essential g roundwor k -examples presented 
o n page 378 of the textbook. I 
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2. Some of the pupils may want to originate simple 
examples with fractions concerning their allowance. 
A possibility might be: If I have spent 60~ of my 
allowance and that is 2/3 of all I get, what do I get 
for an allowance? 
3. Practical uses of types 1 and 2 enter frequently into 
school room experiences. A contest can be planned for 
the girls against the boys. The girls could think of 
simple problems to ask the boys, as: 2/3 yards of 
cloth is how many inches? 
1/5 of my 20 books are covered with blue paper. How 
many are covered with blue paper? 
The boys mi ght have their turn giving the girls 
problems as: I lost 1/4 of my 60 marbles to Jack. 
How many did I lo s e? 
For a two -step problem there can be the added question. 
How many did I have left? 
For type 2, pupils make up examples, as: I spent 45¢ 
from my 50¢ allowance. IJIJhat part have I spent? or, 
I practiced the piano 35 minutes of my whole hour I 
have to practice. What part of the hour have I 
practiced? 
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CB..APTER XVI 
1 
-FRACTIONAL PARTS OF A DOLLAR 
A. Fractional Equivalents. (Iroquois Textbook, p. 348) 
1. For all their school years, the children have heard 
and used the expressions •a quarter' and •a half-
dollar•. Now other common fractional equivalents may 
be added to that short list. These equivalents help 
in rapid computation. From the u s e of t as the 
equivalent of 25~, children can easily see the reason 
for 3/4 being called 75~. Also, it will be easy to 
show them that a half of 25~ is 12!¢, or ~ of t , or 
$1/8. 
As most of the pupils will know that there are 20 
nickels in a dollar, show them that one nickel or 5~ 
is 1/20 of 100~ ($ 1). 
B. Suggested Approaches 
1. Using the above more comrnon fractional parts show how 
there are 10 dimes in a dollar--using actual dimes--
so 1 dime is 1/10 of a dollar. The next step will be 
that 2 dimes will be 1/10 plus 1/10, or 2/10. 2/10 
reduced will be l/5, so 20~ will be $1/5. 
2. V.eor k from these known facts to the unknown. They know 
how to find what part one number is of another by 
placing the named part as the numerator over the 
whole (100) as the denominator. In this way find 
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that 60¢ is wha t part of 100¢. 60 over 100 reduced 
will be 3/5; and so on to 80¢, and even less common 
ones as 45¢ or 55¢. 
3. As it will not be feasible for the whole class to work 
out such complex fractions as 33 1/3¢ over 100, let 
the more advanced pupils perform the operation at the 
board as a demonstration. They can do t his by placing 
33 1/3 over 100, reading the line between as 'd i vided 
by' which it i mp lies; then they can go on to a regular 
division of fractions example--33 1/3 ~ 100 : 
100/3 ~ 100/1 : 100/3 X 1/100 : 1/3. 
4. For most of the pupils in the class, a reference to 
figuring arithmetic ranks will be helpful. To find a 
value of each arithmetic exrunple, they have often used 
division, dividing the 100 by the number of e xamp les 
assigned. This gave them the value of one example or 
one part of t h e work. If they had 6 examples they 
have found each example to have a value of 16 2/3. 
This trans f er can easily be made betwee n 100 points 
on arithmetic papers and 100 cents in a dollar. The 
correlation will help children to understand and 
remember fractional equivalents of a dollar. 
5. Emphasize the necessity of placing the decimal point, 
dollar s ign and cent s ign, as: Four notebooks at 
$ 1/5 will cost $4/5 or .80 (or 80¢). Six tennis balls 
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at 33 l/3rj would be figur ed out the quick way by 
saying: 6 x $1/3 = $ 2. 
c. Evaluati on 
1. Give oral examples after showing many on the board. 
Urge rapid computation, using the fractional equiva-
lents to obtain the ans wer. 48 blackboard erasers 
were 12irj each. What is the total cost? 60 drawing 
pencils at 5rj would cost how much? 
2. Each child may originate a problem, write it on 
paper and bring it in to be given orally to the class 
the follo wing day. Each pupil must be able to 
expl~in fully his own orig inal examp le for the class; 
if asked to do so. 
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CHAPTER XVII 
GRAPHS 
A. Bar and Line Graphs (Iroquois Textbook, p. 464) 
1. Be caus e there are so many summaries and comparisions 
shown in Social studies by graphs, in 6th grade books, 
children should be taught to interpret graphs intel-
ligently. Bar graphs are shown e i ther vertically or 
horizontally, showi ng t wo variables. They compare 
rainfall in several countries, or tons of imports into 
different ports, or population in various cities, etc. 
2. Bar graphs usually deal in large numbers, rounded off . 
3. Line graph s adapted to u se by the children in showing 
progress in some subject over a period of time. 
( Circle grap hs are not f or elementary g rade s). 
4. Graphs, like numbers, scales and so on are a way to 
symbolize quantity. 
B . Suggeste d Approaches 
1. Indicate the us e of rou nd i ng off numbers they have 
already studied employing these numbers in graph fo r m. 
stress the f act of comparison o f t wo different 
things--that is, tons of cotton wi ll be indicated on 
one side of the graph, while cities which import that 
cotton wi ll be on the other s ide of the graph. 
2. Emphasize the valu e of gr aphs as g iving a qu~ck 
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picture for comparison of statistics. 
3. Draw a g raph on the board, putting the days of the wee1 · 
on the top, and ranks from 40 to 100 on the side, with 
intervals of 5~ Demonstrate how the pupils may keep 
a week's ranks, or a month's ranks, by putting a dot 
at the point showing the l r rank for Monda y , TUesday, 
etc.; then drawing a line joining the dots at the end 
of the week to show the profile progress--up or down. 
These line graphs may be made on squared paper, or the 
children may draw lines to desi g nate five school week-
days, crossed by the lines for ranks, ranging from 
zero, by fives, to one hundre d . 
4. Di f .:'erent· colore d lines for four weeks will s how each 
child his ~progress, as compared with his prog ress 
the previous we ek--rather tha n try ing to make every 
child in the room compare his marks with super i or 
(or inferior) students. 
5. Bar graphs are easily made. This can be done for 
enrichment by any who volunteer. On a heavy paper or 
oak tag make intervals on the left side to indicate 
the range from 5 to 100, usually going up. On the top 
of the large paper, print the days of the week. Make 
slits under each day-name. Through these slits, pull 
strips of different colored paper, at least twice as 
long as the paper itself, so that they wi ll not pull 
out when the mark is very low or high. Bars should 
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be of equal length and equally spaced.l 
The advantag e of this kind of graph is t hat it can be 
used over and over for each we e k's ranks, and if hung 
on the bulletin will show across the room the rise and 
fall of marks from da y to day. Names s h ould be on the 
reverse side. 
c. Evaluation 
1. If several children make bar graphs success f ully, and 
the other childre n can g lance at them and read them, 
sufficient understandings have been established for 
most graphs they need to read in the sixth grade cur-
riculum. 
2. Each one should keep a line graph, simp le to ma ke and 
use. This wi ll help to retain the si gnificance of 
comparison, one day's mark with ano t her. 
3. When t he pupils come to use graphs in social studies2 
a nd can read them wj_ thou t dj_ f ficul ty, then the ability 
is established. 
! Buckingham, op . cit., p. 507. 
2Brandon and Ganey, S9cial Ge ography , III, op. cit., pp. 41, 
147' 149. 
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CHAPTER XVIII 
ROMAN NUMERALS 
A. Roman Numerals 
The use of Roman nwnerals i s so restricted that it is not 
wise to s p end too much time on them. However, the essen-
tial seven--I, V, X, L, c, D, M--may be retaught, if the 
class has f orgotten the principle of u sing them. 
B. Suggested Approaches 
1. Have pupils mention some places they see Roman numerals 
used. No doubt, they will mention the chapter headingE 
and the pages in the preface of a book. Some might I 
mention seeing Roman numerals on city or state build-
ings to show the year the bui lding was erected. 
2. Maybe some have seen Roman numerals used on clocks. Ii 
not, a few c ould make a clock-face out of paper plates, 
pu tting in the numerals f'rom one to twelve. Hand s 
c ould be made from oak-tag fastened on wi th a s p read -
clip. After u si ng t hem for 6th grade, they mi g ht be 
sent to a primary grade, for some teacher mi ght be 
able to u s e them when teachi ng· her clas s how to tell 
t i me. 
3. Emphasize the fact that Roman numerals always have the 
same . value wherever used. Also, stre ss the fa c t that 
I on the left of V mean s that I is subtracted from 5, 
wh ile I on the right of V means 1 is added to 5. 
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This basic idea, if understood, will clarify the 
highe r numerals as XL and LX, CTVI, MC, etc. 
c. Evaluation 
1. Y.,.hen the class has studi ed Roman numerals in school, 
give them a chance to bring in various usages they se~ 
within a week's time, of any Roman numerals. 
2. No doubt, s ome will bring in only the ord i nary ideas, 
as the chapter headings; but t here may be some who 
will see the date on the Court House--MDCCCXCIX--and 
that will t; ive an opportunity to fi gur e out a date 
t hat has actually been use d on a Lo well build i ng. 
3. It always intrigues pupils to write t he current year, 
as well as the year of their birth, in Roman numerals. 
This is the place that you may point out how bulky and 
hard to handle Roman numerals would be in the business 
world today, and the advantage of Arabic numerals. 
4. Have pupils try to multiply or divide wi th Roman 
numerals. 
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CHAPTER XIX 
UNITED STATES :MO NEY 
A· u. s. Money 
1. Value. At grade six level, values of cent, nickel, 
dime, quarter, half-dolla1.,, and dollar are well 
known. The children have paid out money for their 
own pleasure for movies, candy, bus fare, e tc. They 
have earned money doing small chore s or running errand • 
2. Many children get s p ecific vve ek ly allowances. 
3. Several in the room have bank-books in the sc hool 
banking system. 
B. Sugg ested Approaches 
1. Making change. In general, children pay little 
attention to the way c hange is counte d out, so long 
as they obtain the correct runount after a purchase. 
Tell them to noti ce the ne x t time. 
2. As they pay for milk, giving a dime or a quarter, let 
them p ick up the chang e and count orally, stating the 
amount of the purchase first, and then the amount 
each coin makes. as they take it up--as !i (price of 
rnilk)--5¢', 10¢', 20¢', 25¢', if a quarter was brought. 
3. Show ' them that a clerk will usually say the purchase 
price, then enumerate the sum the next logical coin 
makes when added to it. When buying s orne thing for 
49¢', the next log ical coin would be one cent, and the 
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clerk would be a p t to say '49--50--~~ 1 r for such a pur-
chase, if g iven a dollar bill. 
c. Evaluation 
1. Using toy money (or real money ) let the class work up 
several pos s ible social s i tuations wh erein they spend 
money under the amount of ~ 5.00. Have one pupil f or 
a clerk and t h e other f or a customer, the rest of the 
class g iving t h e problems a nd 'che cking ' to s e e if the 
c hange is made, not only correctly, but in the most 
advantag eou s co ins f or easy hand ling. 
2. There may be variat j_ons of course. This is permissib 
but encou rage work ing with larger co ins f or speed , 
rather t h a n wi t h c ents or nickels just because they ar 
easy to add. 
3 . Pupils mi g ht g ive t he problems --" Thr ee packages of 
gum came to 12¢'. 'l1he clerk wou ld say '12-13-14-15-25 ' 
if I gave him a quarter ." 
After doing a few original verbal problems, they 
shou ld be .able to s e e the advantage of giving change 
from a 49¢' purchase from ~~ 1.00 to saying 49--50, 
;t, l 00 ~} . ' rather t han say i ng , '49 , 50, 60, 70, 80, 90, 
$1.00.' 
4 . In connection wi t h ma k ing change, teach the u se of 
simple cas h accounts. The sample pag e from the tex t-
book g ives a goo d idea how items must be put down in 
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detail and balances ma de at the end o f a week or 
month. Stress t he po i nt that e x p enditures must not 
be more t han the column which has cash received. Have 
each one rule o f f a b lan.."Lc paper, u s :L ng page 274 in the 
textb ook as a mo del, a nd have them make up a possible 
or a real cash account f or a we e k . This is very prac-
t i cal; so many get definite allowances. Yet, rarely 
can they ~ell how the money was spent. 
5 . Using the s rune kind o f a blank, l i st a number o f pos-
sible purchases, an amount f or cash received, and 
purchas e dates, no t in order~ As an assignment, have 
pupils put the pu rchases into chronolog ical arrang e-! ' 
ment, subtracting the expenditures from the cash 
received. The f ollow i ng day comp are papers, and 
check to s ee that all have the same balanc e . 
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CHAPTER XX 
PROBLEM SOLVING 
A. verbal Problems 
1. v erbal problems in g eneral involve read i ng difficultie~ 
at thi s grade level. Pupils arrive at grade 6 with 
reading abilities rang ing from grade 1 to grade 9 or lC i" 
2. Lack of a g ood foundation in the basic f u ndamental 
ar i thmetic processes also causes trouble in problem 
solving. 
3 . Lack of mental ability and lack of power to reas on out 
a process in log ical order prove to b~ obsbacles. 1 
4. Insufficient retention of' the ar i thmetic f'acts f'ound i ). 
t he tab les of' meas urement, or c onfusi on in the multi-
plicati on or ad dition fa c ts can cau r:l e trouble that is 
not the fau lt of the p roblem itself. 
Childr en s h ould be tau.gh t to recognize 1 types 1 of 
problems withou t becoming so dependent on clues that 
they automatically add just becaus e t h ey see a row 
o f nUI!lbers, or that they a u tomatically subtract just 
because they see the word lleftt anywh ere in the lines. 
B. Suggested Approaches 
1. If a great many p r oblems are actual social s i tuations 
and life e xperiences, problem solving wi ll become 
more meaning f u l to ch ildren. Problems for mental 
exercise only should be elimi nated. Problems 
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involving three steps s hould only be intro duced to 
pupils of the upper level of grade 6. 1 
2. Stress labeling of each step in a problem. This will 
pre vent the addition . of feet to yards, minutes to 
hours, e tc. 
3. Show the class that each problem states a numerical 
fact and asks a que stion. 2 
4. Direct experiences and social experiences which arise 
in the i r lives every day make ex ce l lent material for 
original problems. Make u se of these. 
5. As pro blems make us e of some f orm of measurement--
money , f eet, minutes, etc., g ive suf ficient time to 
insure a thoroug h reading o f the problem, before any 
solution is attemp ted. 
6. Make a practice of having estimated answers g iven. 
Have t he pupils look to see what the answer is to be 
labeled. A clos e estimatio n wi ll disclose whether 
the child unders t ands the problem, and whether he 
knows i f he is to add or subtrac t, multi ply or divide. 
7. Adapt current actual s i tuations f ound in everyday 
needs that requ ire quantitative t h inking . The news-
papers, chi ldren's magazines, classroom parties, field 
tri ps, yearly picnics, miles tra veled to school in a 
y ear, fares to Boston f r om Lowell, buying a ticket--
one-vmy or round trip--change in price of tickets when 
~Philadelphia course of St~~~' p . 190. =====IF=~- 'tl=cll::~-"'-bam ~- -1'>-'i- · -
'-' -c;-<--J. . > ~ - J -
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they turn 12 years old , miles from Lowell to Lawrence 
or Nashua--all these motivate actual problems, as the 
information gaine d i~ what they really want to know. 
As real life problems are not always the ones f ound i n 
textbooks, teacher and pupils shou ld make up orig inal 
problems on ln i meog raphed papers. verbal problems may 
even vary .from r oom to room in the s arne s choo 1. Be \ 
sure problems are wi t h in the experi ences of the chi l-
dren, comprised o f small n~~bers to avoid confusion, 
and made up of a vocabulary within the comprehension 
of the class. Problems should be cumulative, involv-
ing old and new processes. 
8. After read i ng t h e problem orally, let a child tell the 
steps that will be used in the solution of the problem. 
C. Evaluation 
The type of ori g inal problem, the way a child writes it, 
the presentation to the class, the explanation, and finall~ 
the answer will be excellent checks on a child's mode of 
quantitative thinking. 
Close a pproximations made to answers to problems, brought 
in by others in t h e class, will determine a chi ld's under-
stand ing of problem solution. 
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CHAPTER X.XI 
J\1Ul'vTBERS El'JDING VH TH ZEROS 
A · Dividing and Multiplyi ng by 10, 100 , 1000 (Iroquois Text-
-
book, p. 408.) 
1 • . Before making generalizations ab ou t annexing zeros, 
several social app lications of the use of quick 
multiplication by 10 should be intro du ced. 
2. By doing much work with whole numbers, confu sio n vvi 11 
be eliminated when we transfer the same concept later, 
to decimals . 
B. Suggested Approaches 
1. In the tex tbook, division e x a mp les with zeros in the 
dividend a n d divisor have been used (p. 294). This 
process has been treate d in a purely mechanical way-:... 
simp ly telling the child to 1 cross outr or cancel 
final zeros. No explanation is g iven. The teacher 
shou ld inform the children t hat the actual process in 
'ci'ossing ou tr a zero is division of both divisor and 
dividend by 10 before the division is begun. Proof of 
t h ese division examples l e ads to multiplying wi th zeros. 
2. Generalizations are to be made only after concrete 
materials have been used and abstract ideas established 
on a basis of understandings. use t oothpicks, bundled 
into tens, taking 200 as a dividend number, and 10 as a 
divisor number . If the 200 toothpicks are divided into j 
I 
I 
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bundles of tens the children can see that there are 20 
tens . If the 10 is made into a bundle of ten they can 
see there is one ten. Put the algorism on the board 
lO}mJtJ then s h ow that the process of cross ing out is 
dividing by ten 1¢~ • Do the reverse process taking 
t vre n ty bundles ten time s, for multip lication by 10' s. 
3. Uslng oral, verbal problems and a variety of concrete 
materials , let the pupils work with bundles many times. 
Ten discs, ten sheets o f paper, ten toothpicks, money 
in groups of tens, etc., can be used. Say, "If I 
take 4 of these ·bundles of 10, how many sticks will I 
have?" Some may thi nk the answer by quick addi ti o n, 
others may multiply to get 40 . 
If they use money, or discs represe n ting pennies or 
dimes , they will surely know that 6 dimes or 6 tens 
will b e 60. 
4. Circle protectors f or notebook papers come one hundred 
in a box. I f they have used 10 boxe s since September , 
t he n they have used how many circles? 
5. Boxes of milk straws, borrowed from the storeroom fo r 
a day , s h ow the i dea of thousands, a ls o using zeros 
the same way. If we borrowed 4 boxes, each contain ing 
1000 straws , how many straws have we here on the desk~ 
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6. After demonstrations, and verbal oral problems let 
pupi ls g o to the blackboard and work out, with the 
usual algorism, several e x a mp les mu ltiply i ng by 10 
or 100 or 1000; as 46 x 10, 456 x 100, etc. Even 
thoug h many ·will know the answers , have all work \Ojr i t-
ten out. 
The common practice of allowing t h e multiplier zero to 
extend to the ri ght of t h e multi p licand is thoroughly 
viciou s, as ones are no longer u n der ones, nor are tens 
under te ns.l 
7. Childre n can orig inate many problems for the others i n 
the class. It will not be long before t hey se e the 
g enerali zation t hat can be ma de --the 4 multip lied by 
10 will b e 40 (or t he 4 with a zero annexe d ), and 
t hat 4 multiplied by 100 will be 400 (or the 4 with 
~To zeros a nnexed). Be sure t h ey do not say rzeros 
a dded'. Th ey can proceed to examples l ike 56 x 10 and 
they work out t h e same principle f or hundreds a nd 
thousands . 
8 . The next harder step can be quickly developed from 
this point, that of multiplying by 20 (2 tens), or 
30 (3 tens ), etc. The answer will be in hundr eds and 
the numerals 2 and 3 multiplied will tell how many 
hundreds or 600. 
9 . The opposite process o f divi ding can b e taken up con-
currently--as dividing 400 into bundles of 100 will 
1Bucking ham, op . cit., p • . 169 . 
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g ive 4, and will eliminate the z e ros. 
c. Evaluation 
1. Do the children realize that 11 6 dimes" means 10 
tak en six t i mes, and to get the answer we annex a 
zero to the 6? 
2. Can each one g ive an exMlple for t h e class to work ou 
using dimes, discs, bundles of tens or hundreds, or 
the boxes of 1000 soda straws? 
3. Problems children might g i ve would be: If we h ave 
39 pupils in each of the ten pooms in the fro n t of 
the building , how many u se the front e x it to g o out 
at noon? 
4. If the boys u s e d 100 burned out matches a day in 
building a part of the Colonial stockade and t h ey 
worked at it 11 days, how many matches would they 
use v.p? 
5. If thirty rooms buy 20 bottles o f milk a day, how 
many bottles must be delivered? 
6. If there are 1000 sheets of p aper in a package o f 
arithmetic paper and we u se 50 shee ts a day, how 
many days wi ll the packag e last? 
7. While they only have division of numbers which end in 
0, 00, 000:, the fore g oing process will help when they 
come to 'swinging' the decimal later in division of 
decimals. Correlate the multiplication with divi-
sion in such simple exaxnples, as: If a boy has a 
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hobby collecting staBps, and he gets an allowance of 
50t a we ek, he may divide the 50t into tens (or dimes 
so he can save for 4 weeks to buy a 40-cent stamp. 
When pupils write out the division they see why the 
5 must be placed over the tens place . In the multip 
cati on t hey can see that a dime (a ten) saved four 
weeks will make 4 tens or 40 (annexing a zero doing 
it the s hort way ). 
8. Group the class into tens. That is dividing by ten. 
9. Using marbles, a boy mi ght have 200 marbles and put 
them in groups of 10 on the table to show the others 
that he has 20 tens in all. 
10. Have someone use 80 sticks , and subtract 20 (2 tens) 
as many times as possible. That wil l be 4 times, or 
80 divided by 20 will give a quo tient of 4--the op-
posite of the multiplication, wi th the zero being used 
as a place holder, the numerals divided giving the 
numeral 4. 
11. In an example like 20)140 1 let someone demonstrate 
with toothpicks or marbles or piles of paper that the 
quotient fi gure will be placed over the zero becaus e 
140:_is made up of 1 hundred, and 4 tens, or 14 tens, 
or 140 ones. The hundred, as hundreds , cannot be 
divided by 20; the tens, as tens, cannot be divided by 
20; but the one s as units can be divided by 20--so the 
quotient figure wil l go over the units place in the 
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algorisrn . 
12. When counting , do the pupi l s •regroup• nu.rnbers into 
tens--as 14 is a ten and 4 more? 
lZ. When adding, do they ' think' in groups of ten? Do the-y 
see the addition of 53 and 41 as 5 tens and 4 tens and 
- -
four mol~e? 
A. Measure 
CHAPTER XXI I 
MEASUREMENT 
1. The function of arithmetic processes b ecome valuable 
when v_se d in s ome form o f meas u rement-- time , mone y , 
cloth, gallons, miles, e tc. So, _it is imperative that 
we k now not only how to a d d 2 1/3 to 5 l/4, but that 
we know that 2 1/3 yards of cloth can be added to 
5 l/4 yards of cloth. The fractional values ~ or i 
los e t heir abstractness when ·,_., e say ~ hour or % pound 
of butter. 
2. Ro te learni ng o f measurement tables is not advocated. 
There are so ma·ny everyday situations that can be ex-
per i enced, using measurement, that actual experiences 
wi ll soon make the facts meaningful and easily remem-
b ered through practical use. Unusua l and outmo ded , 
spe c ialized or rarely needed f a cts are not inclu ded at 
all in grade 6. Such items wou ld include g ill, dram, 
fa thorn , cor d . 
3 . We continuously measure quantity, length, time , value, 
weight, area, volume, and temperature. 
B. Suggested Approaches 
Instruments and devices f or measur ing are: 
1. Quantity--abacus, number chart, dial telephon e, auto-
mobile license plates, street numbers. 
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2. Le ng th--ruler, yardstick, tape measure, s pe edometer. 
3. Time --clock, calendar, watch , sundial, shadow stick, 
me tronome , map sho ·w ing time zon es in the U.ni ted States. 
4. value--coins, bills, checks, wampum, stamps, ticke ts, 
price lists, bus tokens, price tags , cash reg i s ters. 
5. Weight-- s tore scales, po s tal scales , .nurses• scales, 
p r es s u re gauge (bicycle), p latfor m scale where coal 
is weighed. 
6. Area--s quare inch cards, square f oqt cards , rugs, rooms 
garde ns, f r o n t yar ds. 
7. Volume--p i n t, quart, g allon, cup, teaspoon, table s p oon, 
size o f ti n cans, peck, bu shel, bottles, gas meter , 
gasoline purnp , cu b i c blocks. 
8 . Temperature--room t hermomete rs, clinical thermometers, 
t hermostat. 
Unde r 1. Quanti ty. The abacus is very u se fu l f or manipu -
lati on and to show concrete ideas. Street numbers show 
c ouhting by 2's, even a n d u neven. License numbers s h ow 
the number of cars wh i ch pay a f ee to use streets. A g arn.e 
t hat nou ld call pupils' attention to numbers could be 
ma de up by having the lowest and the h ighest .numbers seen 
on license p l a t e s dur ing a day recorded for comparison. 
Attention c ould be calle d to the me chanical limi tation of 
license p l ate manufacturing a n d the reason for putting K 
before numbers on n e we r license p l a tes. 
Quantity will include m .. l.Dlbe Ps to billions, as found in 
newspaper headings. 
Under 2. Length. The stan dard measure is a yard . The 
manual p lac ing of a yardstick beside 3 rulers (1 foot 
each) leaves out any possibility of children having an 
abstract idea of 'foot' • 'I'hey ~ the yard reduced to 
feet and then the 3 feet combined to make the equivalent 
1 yard . 
:Many childre n will e njoy bringing in the numbers that show 
the mileag e on their car for Monday, Tuesday, and Wednes-
day . Prob lems can be worked out and emphas is c an be 
place d on the 'ten th' of a mile which is t h e final number 
on the spe8 dometer reading. After many experiences with 
foot , , yard, inch, etc ., an orderly arrang ement of the 
measurement units may be formed. ' Rod' which hasn't been 
in many practical experiences can be included for the 
systematic study of measure. 
Under 3. Time. Clock and calendar usag e are universal. 
One practice for t :Lme measure wou ld be f i n ding the dif-
ference in dates, the exact a g e of a few children, as of 
today. Teach pupils how to put dates down--the year, the 
month and the day, as in the date of their birth--
1938-6-18. Above that date, have them place the date they 
are working out the problem, year, month, day. ~rhen the 
minuend is not larger than the subtrahend, the incidence of 
borrowing a whole month (30 days ), to c ombine with the 
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number of days already there, will occur. Some problems 
will require borrowing a whole year (12 months) to put 
with the months already there. They must do this before 
they can Subtract. 
A shadow-stick, like t h e one used in science to indi-
cate the sun's position, can be used to measure the length 
of a shadow at 11:30 on four consecutive Mondays. A 
shadow-stick can be made by inserting a ruler perpendicuUr~ 
into a block of clay. 
Time zones across the United States bring in the use of 
time measure. Pupils have already studied these time zones 
in geography. 
Under 4. Value. Nothing else makes quite the appeal for 
actual experiences that money does. It will be possible 
for each one to bring in an 'original' money-problem for 
the class to work out. Coins and bills used will be the 
commo nest ones only. Making c hange, starti ng with the 
s um of purchases and enumerating each coin and bill as 
it is handled can be repeated. This repetition will not 
be wasted effort, for this is one of the most funct i onal 
u sag es for arithmetic procedure that pupils will encounter. 
Checks, tokens, money-orders (which transfer money to 
equivalents in other forms) should be a part of th:is unit. 
Under 5. Weight. The commonest weight, for elementary 
level, will be the pound. The children's own weight for 
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the current year could be compared vli th the weight on 
their last-year's health card. Purchases at the grocery 
store can be the basis of many original problems. Weigh-
ing letters, that weight over an ounce, can be s hown by 
borrowi ng the mailing-scale from the office at school. A 
few pupils live near scales that weigh tons of coal at a 
Plain Street coal yard. In this yard one can also see 
bags of cement labeled '100 lb. 1 Teach abbreviation cwt. 
Pupils will be more apt to understand changing one unit 
to the other, as cwt. to T, after having visualized 
specific applications. 
Under 6. Area. The top of the teacher's desk could be 
overlaid with a large sheet of wrapping paper. Square 
feet may be marked out with chalk to show rsquare feet' 
or •square yards'. The square yards could be super-
imposed the square feet in a color to show how 9 square 
feet make up a square yard. 
Advertisements in newspapers often show prices for linoleum 
or wall-to-wall floor covering by the square yard or 
square foot. 
Meausre the school-room, and compute how many square f eet 
of floor space there are. Show the class that a r oom 15' 
x 20' contains 33 1/3 square yards, which is slightly 
more than a square rod; the book tells t hem that there 
are 30% square yards in a square rod. Take the class out 
into the yard to measur.e off an approximate square rod, 
about 5 yards x 6 yards. To make meaningful the very vague 
idea that most people have of •an acre' let some pupils 
measure off surface on the Highland Playground. This 
surface-measuring gives a working knowledge of an acre. 
To have children adapt comparisons, let them measure one 
shle of a figure with a line or string 200 feet long. 
(The other dimension will be 217.8 feet in order to form 
the four sides). If a figure is drawn out with one 
100 foot dimension, the other dimension will be 435.6 
feet. Inform them that a baseball diamond is between 1/5 
and 1/6 of an acre.l (A 'diamond' is a square 90' x 90• 
or 8100 square feet or 0.186 of an acre.) 
For a final step, put all the information into an orderly 
arrangement for reference. Do show that surfaces measured 
in square measure are not always perfect squares, area 
of back-yard, area of a field, area on a book cover. 
Under 7. Volu~e. Contents of any measure is volume, 
pint, teaspoon, cubic inch-block, cubic foot of air space, 
etc. Children can bring in discarded, clea~ ice cream 
cartons of! pint, pint, and quart sizes. Using a gallon 
container and water, let pupils pour the water from one 
measure to the other to experience · finding out how 
many of one unit make another unit--as 4 quarts will fill 
the gallon container. 
!Buckingham, op. cit., 
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Ask the manual training class to provide a few wooden cubes 
of inch size, or use kindergarten blocks. 
Girls could try measuring teaspoonfuls into tablespoons, 
and tablespoonfuls into cup-measures, as they will use 
such measures in cooking. 
Ice-cubes are possibilities for abstract associations, 
helping children to 1 think' of size. Some have seen a 
cubiv foot of ice. Concrete material can be provided by 
getting an empty carton which would be approximately 
1' x 1' x 1' to show a cubic foot. If a few of the cubic 
inch blocks are placed in the carton, it will be evident 
why a cubic foot would need 1728 cubic inches to fill the 
carton. Drawings on the board help , but it is difficult 
to show the concept of a ~hird dimension. 
A block of clay can be cut into inch cubes. 
Emphasize the idea that a cube is a perfect six-sided 
figure, but that cubic measure can be found for any 
volume--as the inside of a candy box, the inside of the 
desk, the contents of a brick, the inside of a sphere or 
rubber ball. 
As a final step, consider only two items to be memorized, 
cubic inches in a cubic foot, and cubic feet in a cubic 
yard. 
Under 8. Temperature. The thermometer, in most rooms, is 
an easy concrete object to use. Some one may provide a 
doctor's thermometer or a cooking thermometer also. Many 
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have seen a thermostat used at home. A rew may be aware 
or may inquire about the heat indicator in their automobile 
There are numerous concrete experience s available to every 
school child to show the app~ication or the above devices, 
which are rich in the application or quantitative think-
ing. These might be: 
a. Keeping a height and weight record ror pupils in the 
room. 
b. Computing cost or quarts or gallons of ice cream for 
a party. 
c. Estima ting cost of five articles needed for room equip-
ment. 
d. weekly deposits in school bank account. 
e. Grocery store purchases. 
f. Production, in yards, of cotton goods made in the 
Boott Mill in Lowell. 
g. Mi l es that the bus travels in carrying children to 
and f rom outer Westford Street to the Morey School, 
each week. 
h. Bus hels of a pples sold by a Chelmsford orchardist. 
In other words, every mi nute provides a prob lem in quanti-
tative thinking within the child's daily experience. 
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CHAP 1ER XXIII 
DENOIVIINA1E NUMBERS 
A. The FUndamen~al Processes with Denominate Numbers (Iroquois 
Textbook, p. 484) 
1. Th e presentation of 'named' numbers instead of abstract 
mechanical enumeration has been going along all year 
in various kinds of problems. In using yards with 
feet, however, we have been changing to one unit, to 
facilitate work. Now~ find that it is possible to 
use two units together. ( For sixth grade, use only 
two denominations in an example). 
2. Ad dition and subtraction of denominate numbers will 
receive the most atten tion. Although the other two 
processes--multiplication and division--are explained, 
too much time should not be spent on these types be-
cause of their improbabl~ use in life situations. 
B. Suggested Approaches 
1. Ask the children how much time they s pent at shows 
during .the past week. The time would be something 
like: 2 hours and 45 minutes Tuesday, and 2 hours 
and 35 minutes Friday. Using such a possibility, show 
that the 35 minutes combined with the 45 minutes makes 
up more t han a whole hour. Separate that who le h our 
(60 minutes from the 80 minutes) and place it with 
the hours, leaving the 20 minutes remaining to put 
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under the minut~s in the example, and combine the 
hours for a final answer of 5 hours-20 minutes. 
2. Concurrently, s how that if we have to subtract 2 yards 
2 feet from 6 yards 1 foot, we must •borrow• a whole 
yard from the 6 yards and change · it to it;s equivalent 
in feet, put it with the fe e t we have in the examp le, 
and t hen we can subtract. 
3. By this time the pupils should be well used to t he 
fact that like must be subtracted from like, or like 
added to like. 
4. For multip l icati on, s how by the process of adding that 
4 gallo ns 3 quarts of ice cream for four parties will 
result in t he answer 19 gallons. Then do the same 
example by multiplying , showing that the 3 quarts 
taken 4 times wil l 1nake 12 quarts, or 3 gallons. The 
4 gallons taken 4 times will make 16 gallons. Chang-
i ng the 12 quarts to gallons, and a dding the gallons 
column, t he answer is t he same as that obtai ned by 
adding--19 gallons. 
5. Division happens so 
social applications. 
rar ely t hat there will be few 
Someone might think of a problem l 
su ch as: a 6 2/3-yard remnant of cloth is to be I 
divided among 4 girls in the sewing class. For prac-
tical purposes t hey wou ld use the fraction 6 2/3 
a lgorism; yet, it will be interesti ng , and a phase of 
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enrichment for the upper level group to be able to 
figure the problem out 'tvlro vvays. So, change the 
6 2/3 yards into its equivalent, 6 yards 2 feet, 
and proceed to divide by 4, using a division bracket 
) The 6 yards will be divided by 4 into a one-
yard piece for each girl (consuming 4 yards of the 
piece). There will be 2 yards left over which must be 
changed to feet, and added to the 2 feet already given 
in .the example. Then the 4 is divided into the 8 feet, 
giving an answer of 2 feet. Therefore, the entire 
1 yard 2 feet 
algorism will appear as follows: 410" yard,s 2 feet. 
Have the class check such an example by doing it the 
fractional way also (6 2/3 yards~ 4 = 1 2/3 yards). 
c. Evaluation 
1. Figuring the actual age of pupils does use more 
than the specified two denominations, but it has 
sufficient practical value and interest motivation 
to make it worth while. Have the class fi gure out 
exact ages of other pupils. 
2. Pertinent dates they might also use would be: 
length of time (months and years) since Columbus 
discovered America, or exactly how long it is 
since Lowe ll received its charter in April, 1837. 
3. For addition, the clas s could add ho w many yards 
and feet in 3 curtain cords, one of which is 
7 yards 2 feet long. 
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To combine multiplication with the ad:itio:~ let-l 
the pupils figure out how many yards and feet in 
4. 
6 window cords. They should check the multiplica-
tion by addition, and the addition by multiplica-
tion in both instances. 
5. For division, use the same situation, having the 
idea of a length of rope contains 38 yards 2 feet 
to be divided among 5 windows. What would the 
length be for each window? . 
~I 
CHAPTER XXIV 
FOUR FUNDAMENTAL PROCESSES IN DECIMALS 
I. Place Value 
A. Decimals, Beyond Two Places 
1. verbal problems have already used decimals in one 
form, when the soluiion called for use of United 
· States money. 
2. The class is a,Nare by now of the fact that only 
like units can be added or subtracted. This intro-
duces the impor tance of 'place' beyond the hundredtl~s 
that they have encountered in Uni te d States money 
problems. 
B. Suggested Approaches 
1. Place Value 
Children realize numbers can extend indefinitely to 
the left of the units place. They have learned 
that a number increases ten times in value as it 
is moved another place to the left. If that idea 
is clear and stress is laid on the importance of 
the units or~ place being the center fi gure of 
writing and reading decimals, decimals will not 
prove too difficult to understand . From ~his 
point pupils can b e s hown that numbers may also 
extend inde fi nitely to the right of the units 
p lace, and that each time a number is moved to 
the right it is lowered in value one tenth. 
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2. Call attention to the balance of tens place with 
tenths place, hundreds place with hundredths place I 
etc., as they extend away from the units. Mention 
the decimal as an indicator, not as a place in 
itself. 
3. Use a picturel or draw a simple diagram, 
., 
~ 
'b 
,~ 
... 
.:1 
" 
which will demonstrate 
tenths, each be i ng one 
~ 
the re la ti:n oi' tens to I 
place removed from the uni ts• 
the relation of hundreds to hundredths each being 
two places removed from the units, and so on. 
4. Then use actual nmnerals and a diagram also to 
explain a number, such as 49624. 5237 
4 9 6 2 4 . 5 2 3 7 
5. Whereas the children should know how to read the 
whole numbers to billions, it is not necessary 
or practical to teach the decimal places extending 
that far to the right. 
lBru~ner and Grossnickle, op. cit., p. 352. 
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6. After many examples, children wi ll be able to 
ge neralize the fact that as one p lace to the right 
indicates tenths, and the fraction 1/10 has one 
zero; and hundredths is two places to the right 
and 1/100 has two zeros, so the number of zeros 
in the denominator of a common fraction is the 
same as the number of decimal placeswhen the 
fraction is written in decimal form. 
7. Show that it is only tenths and divisions of 
tenths that are used in decimals, that eighths, 
fourths, etc., are not possible decimals. 
Decimal comes from the idea that each position to 
the ri ght is one tenth of the preceding position. 
8. Stress over and over that rths' indicate the 
fractional part of a whole, and that everyth ing 
to t h e righ t of a decimal point indicates a 
fractional part. 
9. Use 3/10 as a fraction and show its place in a 
decimal, also 23/100 and s how that as a decimal 
also. Do t h is wi th many, but not past ten 
thousandths because there is no social value, 
business or bank use for s u ch figures. Mention 
that ~here might be a possibility for fractional 
parts beyond ten-thousandths, however, in spec-
ialized fiel ds such as gold working, pharmacy, or 
using precise mechanical devices. 
10. Draw a large square on the blackboard. Divi de it 
into 10 x 10 or 100 squares. Call each square 
1/100 and also designate it as .01. 
By coloring in 10 of the squares on the board, 
or 1/10 of the whole, show that 1/10 is also 
10/100. This will correlate ~ith multiplying the 
numerator and the denominator of a fraction by 
the same number and also correlate with 'swinging ' 
the decimal a little later, when teaching division 
of decimals. 
11. Let each child rule o :f.' f a diagram of 100 squares. 
Designate some fractional parts of that square to 
be covered, as 3/100. Let the pupils put colored 
squares over 3 of the hundred blocks. Let the 
children go to the board and write the decimal to 
represent ~he colored section, as .03. Do it the 
reverse way, putting .18 on the board and letting 
them coyer the squares; then have someo ne go to 
the board to write 18/100. This will give reason 
to annexing a necessary zero when subtracting 
• 58 from • 6 
12. If the children cover the entire 100 squares, 
they will have understanding for 100/100 equal-
ling a whole. This same idea may be worked out 
using 'tenths', also. It will not be necessary 
to work out thousandths, for they can now see the 
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principle of 1/10 equalling 10/100 and will 
realize it will also equal 100/1000 and that 
1/10 is .1 or 10/100 or .10 
~--
1 
13. Do a few examples showing two whole squares and 
8/10 more (2.8) or 3 whole squares and 15/100 
more (3.15) to show mixed decimals, relating 
them to mixed numbers in fractions. Show that 
5.01 means 5 whole things and 1/100 besides, 
while .07 has no whole unit, but only a fractiona 
part of a whole. 
Give repeated practice reading and writing mixed 
decimals, 5.78, and pure decimals, .87 
14. Teach that decimals beyond 3 places are rarely 
read as written decimally, but are read (4.2736) 
as 4 point 2-7-3-6. 
Evaluation 
1. Dictate a few numbers to be made with hundredths 
squares as 3.09; or one with tenth squares 2.7. 
Check each one to see that the designated amount 
is covered, on each squared paper. 
2. Dictate a few numbers to be written. Time is 
wasted by dictating i mpractical decimals beyond 
three places, except in the business form--
point, number, number, number. 
3. Let the children dictate numbers to the others I 
that they have written down on paper. Check both II 
the writer and the ones to whom dictation is 
given. 
4. Dictate numbers, rarely giving ragg ed decimals for 
addition or subtraction. (Ragg ed decimals would 
be .2 +.23 .r-.743). This kind is not given, as 
decimals for social usage are almost always ex-
pressed to the same decimal place. The class can 
see the reasoning for this, even thoug h like 
places are put under like places, because we do 
not allow adding frac.tions 1/10 to 1/100 to 
1/1000. Check sum of addition. The only reason 
for showing the class how to annex zeros to even 
up all the decimal places is that they will find 
t hi s type o f example on standardized tests and in 
later Civil Service examinations. 
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Diagram of an Abacus 
This shows the wires as 'places ' . This is especially goo d for 
s howi n g zero as a ' p lace-holderr. 1 
4 on units wire 4 1 
3 on tens wire 30 ~ 0 on hundr e ds wire 000 5 on thousands wire 5000 
5034 \ 
An abacus can also b e used for 
teaching decimals. Use a colored 
bead to indicate the decimal point . 
If the decimal is placed between the first and second wire 
(reading from right to left) t he number would indicate: 
4 on the tenths wire 
3 on t he units wire 
nothing on the tens wire 
5 on the hundreds wire 
.4 
3. 
00 
500 
503.4 
l p . E . Grossnickle, William Metzner, F . E . v:ade, Num ber as the 
Child Sees It, Philadelphia: John c. •Ninston Company, 1947. 
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II. Addition and Subtraction 
A. The numbers g iven by dictation for practice in ~lac-
ing' may be added or subtracted by the pupils. 
Problems using United States money h a ve already 
g iven a foundat i on for this type o f work~ 
The abacus shou ld be available f or the children to 
use in ad dition of decimals, because decimals are 
based on the grouping s of ten a nd multiples of ten, 
as is the abacus; it helps ma ke clear t h e decimal 
sys~em. A removable colored bead may be placed at 
~he bottom of the abacus fr~'11e, between wires, to 
represent a decimal point. In adding s u ch numbers 
as . 8 and .4 the concept would be made clear to 
the chi l dren that eight tenths and 4 tenths use 
two more than ten tenths; i.e., if' the wire t o the 
right of the colored bead was the 'tenths' wire , 
there would be twelve tenths. Taking the 10 tenths 
as a who le and transferring it to the units wire to 
the left of t h e decimal, t he re vwu l d be 2 tenths 
left on the tenths wi re, on the right of the decimal 
po int. This would explain ti::e alg orisms which would 
.8 
be one whole and t wo tenths. 1 :~ 
In subtracting , if we subtract .2 f rom .?, we slip 
2 beads up past t h e guard bar, leaving .5 or 5 beads 
on the tenths wire. 
I 
.I 
II 
I 
,, 
h 
II 
:I 
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III. Multiplication of DecirrJ.als 
A. There are three types o f multiplication of decimals, 
and they should be taught in the order indicated, 
accordipg to difficulty .l 
1. Multiplying a dec imal by an integer. 
$ 5.25 
X 6 
4.2 
X 8 
2. Multiplying an integer by a decimal • 
. 5 
X . 7 
. 7 
X .5 
3 . Multiplying a decimal by a decimal. 
4.03 
X 3.04 
B. Suggested Approaches 
4.3 
X 3.4 
.7 
X 5 
1. Returning to the concept that multiplication is 
a quick form of addition, use such an idea in 
several decimal examples, as in '1' above. 
:7-t-.7 .7-t..7 · .7 
2 . Give a few concrete applications of the idea by 
using squares of paper. Have 4 pupils cut a 
whole strip of paper into tenths (ten equal 
parts). Let a fifth child have a whole strip, 
folded into tenths, but not cut. If 3 ten~hs 
are taken from 3 of t h e pupils and placed over 
the tenths in the folded strip , t h e class can 
lcincinnati Course of Study , p. 278. 
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see that when 3 te n ths are taken 3 times, 9 
tenths of the strip are covered. If 3 tenths 
are taken from 4 pupils, t h ey can also see they 
have enoug h tenths to cover a whole strip a nd 
there are 2 tenths besi des. Then show the 
algorisms: .3 
X 3 
--:-9"" 
.3 
X 4 
r.2 
3. In examples such as 4.2 x 8 the children should 
be led to see that 4 x 8 would be 32 wholes, 
and so the ans we r will have to b e something 
mo re t han 32 because of the extra fracti onal 
part. It may be worked out by using the frac-
tion to replace the .2, so that pupils associate 
the idea 4 2/10 x 8 with 4.2 x 8 . A few such 
illustratio ns shou ld lead to the generalizations 
that when a decimal is multiplied by a whole 
number, the number o f decima 1 ' places in the 
product is the same as the number of p laces in 
the multip licand. The other observation would 
b e that as in working wi th whole numbers in 
multiplication, the multiplier and multiplicand 
are interchangeable, so there is no new dif-
ficulty in t h e next i dea that multiplying a 
whole m:unber by a decimal the number of decimal 
places in the pro duct is the same as the number 
of places in the mu ltiplier. 
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The next step, multiplying a decimal by a 
decimal can be introduced by rela ting the work 
to known fractions, as 4 3/10 x 5 1/10, or by 
having ~he children approximate t h e answer, 
noticing that the whole numbers 4 x 5 would 
give an answer of 20, os the answer for the 
decimal must be somewhere near 20. 
From former vvork with frac -cions the children 
know tenths x tenths results in hundredths, 
so they can generalize her e that tenths x 
tenths will have a product of hundre d ths and 
require two decimal places. 
After a few such fractional and decimal ideas 
have been correlated the rule or generalization 
can follow: There are as many decimal places 
in the product as there are in the sum of the 
decimal places in the two numbers multi p lied. 
C. Evaluation 
1. In a problem such as .1 x .1 the class works it 
out both ways, with fractions and decimals. 
Choose someone i n the room who can explain 
clearly why the answer is smaller in amount. 
This idea is functional and has very great 
social sig nificance for those choosing nursing 
or pharmacy as professions . Bead nurses have 
complained that student nurses do not realize 
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that 1/10 x 1/10 of a grain of some drug 
diminishes an amount. That principle is im-
portant in medicinal usages. 
2. Have pupils bring in an original problem written 
on a slip of paper. Let each one exchange with 
another pupil. The second pupil does the 
problem at the board, the work is checked by 
the originator of the problem as well as the 
teacher. Such problems might be: Jean rode 
1.8 miles to school on her bicycle every day 
for a week. How many miles did she ride in a 
week? 
The answer can be an- easy lead to the necessary 
step of multiplying by 10 to 'clear' the divisor 
in the following process of division of decimals 
IV. Division of Decimals 
A. There are four types of exrunples in division of 
decimals:l 
1. A decimal divided by a whole number, 2)1.4 
2. A whole number divided by a whole number, which 
requires a decimal in the quotient, 2rr;-
3. A whole number divided by a decimal, .3~ 
4. A decimal divided by a decimal, < .15) 1.8 
~Brueckner and Grossnickle, op. cit., p. 361. 
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As there are possibilities of having six different 
positions for the decimal in such examples, multi-
plying by 10, and powers of 10 will reduce such 
possibilities to having only 2 variations: decimal 
in both dividend and quotient and decimal in quo-
tient only. 
B. Suggested Approaches 
1. Leading from the example of one child riding 
1.2 miles to and from school every week-day, 
which would make ten trips, we found that by 
working it out the 1 long way' the chi ld rode 
her bicycle 12 miles. This indicates t hat 
multiplying a decimal by ten moves the decimal 
one place to the right. This generalization 
can be used after several problems like the 
above have been worked out. 
2. Referring to whole numbers a gain and how we 
learned to multiply them the quick way by ten, 
we can see that such numbers as 46 x 10 will 
be 460. We know that the assume d decimal after 
each whole number (46.) does not a f fect the 
number. However, if we want to multip ly t hat 
number by 10 we must move the decimal one 
place to t h e ri gh t, as the exa~ple worked out 
the long way would g ive the product 460. 
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3. The easiest kind of division of decimals will 
give little trouble, as the pupils have already 
used money in division exrunp les and t hey have 
learned to p lace the decimal over the decimal 
before they begin the work in such examples, 
.25 .20 
4) $ 1.00 or 3) $ .60 However, one or t wo of 
this type may be objectified if it is thoug ht 
necessary. 
Use paper squares. Rule o ~f a square into 
hundredths, 100 hundredths. With a colored 
crayon divide the squared paper into four equal 
sections. Each part will contai n 25 hundredths, 
(-25), so 100 hundredths divided by four results 
in the answer .25. 
4. The pupils can also use string, to show units 
and decimals. A piece of string 4 1/2 yards 
long or 4.5 yards lo ng is cut into 3 equal 
parts. How long is each piece? (4i yards + 
1.5 
3 = 1~ yards or 3)4.5 yards 
5. Approximation of answers shou ld be used. If a 
string was 4-and-a-fraction yards long a nd was 
cut into 3 equal sections, each piece wou ld 
contain a yard, and a fractional part, but not 
as much as 2 yards. A few pupils should be 
able to point out to the rest of the class that 
if the dividend contains tenths, the quotient 
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containBII 
the !I 
will also contain tenths; if the dividend 
hundredths, the quotient will also, when 
divisor is expressed in units or ones. 
Thus, when we 'clear the divisor' of decimals (by 
multiplying by a power o.f ten) we 'swing ' the dec:]) 
mal in the divisor. Naturally, we must~likewise 
to the dividend. That is why the decimal can be I 
put directly over the indicated carat in the divi- / 
I 
dend, because the quotient must contain tenths (and 
so on) when the dividend contains tenths, f or we 
are now dividing by ones. 
This g ives meaning to the placing of fi gures of 
the quotient over the correct number in the divi-
.03 
dend, as 4~ will mean 12 hundredths divided 
into 4 equal parts, making 3 hundre dths in each 
part; there .fore, 3 is placed over the 2 and the 
zero is a meaningful p lace-holder and not somethin@ 
placed there because of an abstract rule. 
6. In an example such as 5~ if the 2 tenths is 
changed into 20 hundredths with markers or tooth-
picks, then divided into groups of 5, a large 
amount o.f future trouble with use of zeros will 
be eliminated. This is especially use.ful with 
money examples, for the children can see how 
20 hundredths divided by 5 will result in 
the answer 4 hundre d.ths ( • 04) • 
7. Childr en should be constantly reminded that a 
fraction indicates division and that the l ine 
separating the numerator from the denomi nator 
can be read as 'divided by'. 3/4 means the 
same as '3 divided by 4'. To objectify the 
idea, use a s imple diagram 
This is one rectang le divided into two sections, 
and 1 part shaded of those two equal parts. 
Meanings can be develop~d from t h is point; up 
to now children couldn't perform the work 
necessary to divide 1 by 2. Now show t hat for 
2rr- t h e 1 can be changed to tenths, making ten 
tenths and then the children know 10 tenths ~ 
. 50 
2 makes 5 tenths, or .5, or 2)1.00 • 
8. The class may be s h own that the fraction 1/2 
may become its equivalent 5/10 or .5 
9. In other numbers, the thought pattern might be 
as follows: To find t h e dec i mal value of a 
fraction, as ·~- : 
a. I cannot divide 1 by 4, so I'll change 1 
to tenths, but 10 tenths cannot be evenly 
divided by 4 either, so I'll chang e the 
tenths to hundredths. That can be divided 
by 4 and will g ive me 25/lOO ·or .25 • 
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10. Most decimal examp les will be carried out to 
three decimal p laces in the quotient. Exa.rnples 
like l/3 could g o indefinitely, unless limited. 
11. Show also how to round off to the nearest 
thousandth (usually ). Relate this process to 
t he known pattern that they have already had 
using whole ntunbers. Anything over 5 in tenths, 
or 50 in hundredths, or 500 in thousandths will 
be considered as ~he next highest ntunber. Any-
t h ing less t h an the mid-point 5 will be dropped. 
Do emphasize that an e qual sig n is not used be-
tween an actual and a rounded number, however, 
as rounded-off numbers are not exac t equ ivalents 
of the i n itial answer. 
IV. Dividing a Vlhole Number by a Decimal 
A. This type is always t h e most difficult process for 
t he children and any diag nostic testsl show tb.e 
mast errors i n t h is area caused by faulty shifti ng 
of decimal point. Use examples such as 1.5)6 
B . Sug~ested Approach es 
1. count 1! inch leng ths on a ruler and see h ow 
many such lengths t here are in 6 inches. Yfork 
out such an exarnp le with fract ions, 6 11 ~ 1! = 4 
l Gross n ick le, Foster E ., 11 Types of Errors in Division of 
Decimals", Eleme .ntary School Journal, 42: 184-194. 
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2. Show the algorism.l 
knows that the answer 
1.5)6inches As the clas~ 
is 4, the teacher can show I 
them how the answer could be obtained by multi-
plying both divisor and dividend by 10. Their 
'golden r u le'2 of fractions taught them that the 
numerator and denominator of a fraction could be 
multip lied by the same number without chang ing 
the value of the fra c tion. This 'xl0' pro cess 
4 
is worked out for the class, 1.5~ = 1sreo-. 
3. As a fraction means division, so divis i on is a 
fraction; therefore, the algorism 1.5~ may be 
6 
put into fractional form thus: ---r:-5" Jv1ultiply-
60 
ing both terms by 10 we now have T5 or 15T~ • 
Doing the example more t han one way we obtained 
the same answer. If this is possible in multi-
plying by 10, then we show that it is also pos-
sible using 100 wh en necessary, or 1000. To deem 
it necessary means that we multip ly the divisor 
by zero-numeral needed to ch ang e it from a frac -
tion to a whole number. V;re wa nt to divide by 
whole numbers. I f we multip ly the divisor, we 
will have to do the same to the dividen~ as well 
(just as we would if the work indicated was in 
lBrueckner ana-Grossnickle, op. cit., p. 368. 
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2Ibid., 310. 
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fractional form). 
The pupil will now use the same method to divide 
a decimal by a decimal that he used to divide 
a whole number by a decimal. Stress the idea 
that the divisor must be a whole number before 
proceeding with division. 
c. Evaluation 
1. The pupil should approximate answers fairly close 
to t h e real answer. In an example 2.5)4.75 he 
should realize the answer will be near 2 because 
the whole number 4 divided by the whole number 2 
would be 2. After work ing it out step by step, 
he can see why 1.9 is a logical answer as its 
value is so near 2. 
2. Give a brier diagnostic test, using not one, but 
three items for each type as: 
a. 6}.5"4- b. 5) .25 c. 4). 28 
a. 2)1. b. 3}16- c. 8)7 
.07)259 hrs. rrso I a.; .. 8) 5 b. c. .6 mJ.n. 
a. .7)40.6 b. 3.2)65.6 c. $ .35) $6.30 
3. Have division examp l e s proved in usual way, by 
multiplication • . As the children know the p rocess 
of · p lacing decimals in the product, this produc t 
should, of course, be i dentical with the initial 
dividend. 
4. Stress the practice of carrying out decimals to 
t aces in the uotient. 
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CHAPTER XXV I 
II 
I 
CHANGI NG FRACTIONS TO DE CI MALS 
A . Chang ing a Fraction to a De c i mal 
The incidence of relating a fract i on to its decimal 
equivalent has been so frequent that many of the common 
equ ivalents have already be e n memorized. 
Some explanati on will be needed for the less frequently 
used f ractions, in order that the process may be ex -
tended to any fraction. 
B. Suggested Approaches 
1. By using many of the known fractions, work towards 
the unknown. Start with the type used every day--
as pupi ls know ~* -fa would be .50, and R wou ld be .25. 
Put the algorism -fa on the board , and repeat that 
a f raction means division, and that the fraction 
-fa indicates that 1 is divided by 2. In division 
of decimals the children have learned that a decimal 
point and zeros may be annexed without chang ing 
the value of the number in the bracket. Complete 
the work, p lacing the decimal over the bracket, 
obtaining the result .5. As .5 may be also 5/10, 
and 5/10 may be reduced to a half, it proves to be 
a correct equ ivalent. 
2. Refer to the thought pattern invo lve d in 9a above, 
that is chang ing the numerator to tenths, or to 
hundredths, so that it can b e evenly divided by the 
divisor. 
C. Evaluation 
A great many of the class should be ab le to s~ate a 
generalization for this process, that to chang e a frac-
tion to a decimal we divide the numerator by the denomi-
nator. Most examples will need to be carried out only 
two decimal places in the quotient. The •setting ' o f 
the example determines to how many places e xamp les are 
carried. If an examp le deals with mileage on a car, 
the ans wer is u sually g iven with one place, for we com-
monly speak of miles and so many tenths in the distance 
covered. Money would be two places, while baseball 
league-standing s would be t hree places. 
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CHl~.PTER XXVI 
C P~NGING DECIMALS TO FRACTIONS 
A. Changing a Decimal to a Fraction. (Iroquois Textbook, 
p. 394) 
If understandings have been well established for place 
value, this process will cause no difficulty. Children 
can see that it is the v~itten form of what they ~· 
They read .325 -•three hundred twenty-five thousandths'; 
they already know how to write such a number as a frac-
tion, so the transition from frac~ional use to decimal 
use is apparent. 
B. Suggested Approaches 
1. By putting many common decimals on the blackboard, and 
letting the children read them aloud, they will see 
that a number like .3 can be 3/10, and that a number 
such as .47 can be read 47 hundredths and written 
47/100. After doing many easy numbers the generali-
za tion will be evident that the last figure to the 
ri ght indicates place value and will dete1•mine how 
many zeros will have to be put in the de nomina tor. 
The numerator will be the same as the number written 
in decimals, but will not have the decimal point when 
the denominator is used. 
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2. Emphas ize t h e fact that decimals when chang ed to 
fraction equiva lents wil l, of course, have denomina-
tors in tenths or fractional parts of tenths. 
3. Frac t;ions should be reduced to lowest terms, as 
usual, whenever possible; i.e., 625 equalling 
625/1000 would be reduced to 5/B. 
4. As has been mentioned before, there is little advan-
tage in dealing with complex fractions, such as 
l P2• A few in t;he class may be able to understand 
the process, so for enrichment they could g o through 
the pro cess of p lacing the 6i over 10, just as they 
would any tenths decimal, tenths being the denomina-
tor indicated. They wou ld t;h en proceed as in any 
division-of-fraction example. 
c. Evaluation 
1. This process is so evident; the children will read-
ily be able to place such numbers as .3 in a list, 
beside its equivalents 3/10, and.l5 beside 15/100, 
etc. 
2. Be sure that the class realizes t h e value of a whole 
number and a decimal equalling a whole number and a 
fraction as 3.6 = 3 6/10 = 3 3/5. 
3. can each one explain why .05 is smaller in value 
t han .5? By chang ing the two to fractions, each 
one shou ld be able to see and explain many such 
e x amples to the other members of the class. 
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CHAPTER XXVII 
GEO ME TRIC FIGURES 
A. Simple Geometric Figures (Iroquois Textbook, pp . 459 and 
468). 
1 . The square, rectangle, triang le, and circle will be 
t he important figures ~o have the children identify, 
because they are the ones most often used. 
2. Demonstrate that a square is of equal dimensions on 
all four sides; that a square is always a rectangle; 
that a rectangle is not always a square. 
3 . Identify a circle _or a continuous line equally distant 
from a center poi nt, with no angles. No definitions 
should be memorized. 
B. Suggested Approaches 
1. Draw the geometric figures on the board. Label them. 
Let the children draw some also, on the board and on 
paper . Erase labels from the board, and see if the 
children can put on correct labels as well as putting 
correct labels on their own drawings, by comparison . 
2. A few figures that are not of the above designation 
should be put on the board, s u ch as a hexagon (six-
sided fi gure), or an oval to contrast with the circle. 
3. Show several concrete objects and have the children 
name them in relation to the geometric shape. · Show 
a book or a piece of composition paper for a rectang le, 
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a picture on the wall that is a square, a cent for a 
circular figur•e. A small de cora ti ve windowpane in the 
front of the school building may be used to demonstrate 
a triangular figure. A piece of pie, the faces on 
two sides of the wedg e that holds the door back, might 
also be used as triangular figures. 
Be certain that the class knows that a globe is not a 
circie, that a cube is not a square; but s how that the 
cube has squares on six sides. Emphasize that a box 
is not a rectangle, but has six rectangular sides. 
4. Show the children that every three-sided figure is a 
triangle but that every four-sided figure is not a 
rectangle unless opposite sides are equal. The term 
right angles might be mentioned in explaining, but 
not be overemphasized. 
c. Evaluation 
1. Correlate scale drawing and measurement with geometric 
figures, as in an example: Draw a rectangle to rep-
resent the school yard or your back yard at home. 
For a yard 40 feet x 120 feet, use the scale t inch 
to 10 feet. How many feet of fencing would be used to 
go around s u ch a yard? 
2. Dictate: Draw pictures to represent a triangle, a 
circle, a rectangle, a square, as I dictate the terms. 
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Label each one. (Have e a ch one check his own from 
standard drawings). 
3. Have a garne i n which a child r thinks r of a geometric 
fi gure, a nd calls on another child to name some t hing 
that shape--as Joan says: 11 Triangle" and Jean answers: 
11 Piece of che ese". 
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CHAP 'l'}l::!R XXVI I I 
USING LI J'.TEAR MEASURE 
A. Perimeter (Iroquois Tex tbook, p. 481.) 
The i dea of 'distance arou n d ' a rectangular fi gure must be 
made very obvious to the children. Study o f surface 
measure causes confusion if the primary concept o f linear 
measure is not firmly established in pupils' mi n ds. Use 
of perimeter in a few actual social applications such as 
f enci ng in a back yard or reinforcing edg es of a map with 
scotch tape will help to fix the i dea. Actual uses will 
be few. Specialized trades use the process most- - trades 
such as paperhanging, picture framing, or fence building . 
However, every pupil should .have it clear in his mind that 
the distance around anythi ng is the perimeter, which is 
only a 'thin line•--not covering any space. 
B. Suggested Approaches 
1. Allow one child to draw a continuous chalk line around 
the four edg es o f the room, to find the perimeter of 
the room. 
2. Let a second boy measure one side of the room and a 
third boy measure the other side. Let two girls meas-
ure the front a n d the back along the 'crack' where the 
wall meets t h e floor. The idea is to impress on t hem 
t hat i t is a running line that is being measured. ~ hen 
the leng ths : are f ound, let the fi gures be put on the 
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blackboard, and it will be found that the opposite 
sides have the same length. It should be obvious that 
to find the entire leng th, one must add the four 
lengths. This method is sufficient for the slower 
pupils in the class to remember; that perimeter is the 
sum of the sides added, using the same unit. 
3. The more agile thinkers will observe there are other 
ways the perimeter may be found. Some may see that 
the opposite sides being e qual the same answer would 
be found if one side was multiplied by 2, and also the 
front dimension multiplied by 2, and then the t wo 
amounts added. 
4. A few will offer the idea that one side and the front 
dimensions could be added and the result multiplied by 
2 to obtain the answer. 
5. Let all measure their desks and find the perimeter in 
as many ways as they know ·how. Compare answers. If 
some found the answer .in feet, some in inches, be sure 
that both units are shown to be equivalent. 
6. From use of denominate numbers, the children know that 
only like can be added to like. They know that any-
thing over a whole--as 38 inches when dealing with 
yards, will b e changed to '1 whole' in the unit yards, 
plus 2 inches more. 
7. call attention to the way we desi gnate drawing paper--
•6 by 9• or •12 b y 18•. Let someone hold up pieces of 
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paper and explain the idea, and also find the perimeter 
of each size. 
8. Give a few abstract examples to be worked out two ways, 
examples that can be readily checked with rulers by 
the class-as the perimeter of a spelling book, or the 
distance around one pane of glass. 
9. The perimeter of a triangle is so rarely us ed, that 
brief mention and a few applications will suffice. 
For a concrete object t hat is close to them, they 
could measure with a tape measure the distance around 
the two triangular faces of the wedges that are u·nder 
the door. This will also show the fact that only two 
of the sides are triangles--as the top and bottom 
si des are square on the ends, not pointed. 
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A. Square Measure 
C I-Lt1.P TER XXIX 
USING SURFACE MEASURE 
The idea oi' surface, as dfi'ering i'rom the line that indicateE 
perimeter, should be very thoroughly explained and demon-
strated. 
B. Suggested Approaches 
1. Using several of the objects the children have already 
used to i'ind perimeter, let them brush their hands 
across the surface oi' each object, to emphasize the 
area covered. Objects used may be, the top of desks, 
the cover of a book, or the area erased on one black-
board. 
2. Cu'C many inch-squares, and some foot-squares i'rom card-
board. Have the square inches laid in a row at the top 
of the i'oot square. This will be repeated twelve times 
before the square is covered, showing that it requires 
144 square inches to make a square foot. This visu-
alizes why leng th is multiplied by width to find area. 
3. Use the blackboard; draw a linear yard. Have enough 
pupils come up with foot squares to make a square yard 
by placing their foot-squares a gainst the boar d , using 
the linear yard as a gu ide line. 
4. Show that most schoolroom floors contain more than a 
square rod. Do this by letting the pupils work out how 
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many square feet are in the surface of t be floor, mul-
tiplying the leng th by the width just measured. That 
can be chang ed to square yards by dividing by the 9, 
because they proved it t ook 9 square feet to mak e a 
squa~e yard. A similar project could be worked out on 
t he playground. However, as there is a rare actual use 
for this measure, there i .s not; any practical value in 
spending too much time developing situations. 
5. An 1 acre' is a vague symbol to most adults, and cer-
tainly to childr en unless it is made definite. To g ive 
the pupils someth ing tang ible to i mpress this com-
p arison of size, take them to Highland playground. The 
fact that they might have read that 160 square ro ds 
equal an acre will mean little. However, let a child 
stand at a certain point, and have two children go 
209' from him to form two sides of a rectangle. This 
area so e n clos ed i s a p proximately an acre as it equals 
209' x 209 ' or 43,681 square feet. An acre e quals 
43,560 square feet. To g ive a known area for compari-
son, inform t h em that a football field is about an acre, 
or little more t han one acre. 
6. To g ive 1Jhe childr·en an idea of a square mi le, whi ch 
they cannot act1J.ally measure, tell them to 'think ' of a 
square formed with two possible sides being the dislJanc.e 
from the school to the depot, and from there at a right 
ang le to Pawtu cket Falls. 
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c. Evalua tion 
l. Most of the large are as are beyond t he comprehen-
sion of t h e 6th graders. Examples t hey bring in 
could include problems involving material they read 
a bout, a dvertisements for linoleum, screening , o r 
c a r peting . Several might measure rooms at home 
and mak e u p problems to exchange with others i n t h e 
class. Use of s ma l ler numbers could i nc l ude: 
the number of square inches of p lyboard it would 
take to cover a desk top. There is little social 
a pplication f or p roblems usi ng anything other than 
square feet or square yards in city areas. 
2. The child r en should know what process t hey will need 
to u s e to chang e square inches to square feet, and 
whether t he answer will be larger or smaller than 
t h e number with which they started. The use of 
objects shou ld have i mpressed "Ghat i dea. The u se of 
the squar e foot cards showed that it took 9 square-
foot card s to make l square yard. That picture 
helps to make evident the rea s o n for dividing , when 
one wishes to chang e square feet to square yards, 
or multiplying when changing square yards to square 
feet. 
3. Estimation should be tried in many examples to 
assure understanding s have been established. 
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A . Cubic Measure 
CH.APT.E:R :X_XX 
r.lliASUREMEN'I' OF VOLUTvlE 
In the u se of the pro cesses in denominate numbers, the class 
has heard of cubic measure. They know that cartons are 
filled wi th a definite amount of goods. Kinderg arten 
blocks are soli ds made of wood. They use the wor ds 'ice 
cubes' all the time. So the concept of volume, solid or 
contents is effected by 0hese relationship s. Social usage 
f or a ccurate measurement o f cubic contents seldom oc curs 
s0 t here are only t wo facts pupils need to remember--cubic 
inches in a cubic f oot, and cubic feet in a cubic yard . 
They should k now how one denomination is chang ed to t h e 
other . 
B. Suggested Approaches 
1. Use a box o f k indergarten b locks to s h ow one-inch cubes 
These demonstrate solids. Use the box they are kept 
in to s how cubic contents. 
2. S tress the fact that a 1 cube 1 is equal on all six 
si de s, the sides being perfec t squares . Let them 
measure assorte d-sized cubes. 
3. Emphasize con0ents or volume as contraste d with line 
and surface . Le0 a f ew children tak e any rectangular 
object and review that the line around it is called 
perime ter--and how it is obtained; then review what L 
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surface measure is and how obtained; t hen they will be 
ready to go on to finding volume . Use a wooden cube. 
Proceed from face-surface to third dimension height or 
depth to f ind volL~e. 
4 . Use a larg e block of clay to s h ow an amount such as ! 
cubic foot. Cut it into a smaller denomination (cubic 
inches). This s h ows that the smaller units (cubic 
inches) will have a larger answer than the larger unit 
cubic feet . 
5. Refer to a drawing on page 475 of the textbook to show 
how a cubic foot would look cut into cubic inches, 
again emphasizing the concept that using cubic inches 
would always result in large ans wers. 
6 . If s ome have seen blocks of ice being delivered, they 
can visualize why it would take 1728 inch cubes to make 
up that cubic foot of ice. 
7. As they know that all rectangular figures are not 
squ are, but surface may be measured in square measure, 
they shou ld be s hown that cubic measure is used for 
volume or contents of figures not always perfect cubes-
as candy boxes or the b lock of clay used, etc. 
8. Build up a cube, to show how a cubic yard--in propor-
tion- - is made from 27 cubic feet. Use 27 kindergarten 
blocks. 
c. Evaluation 
A few simp le problems will be adequ ate for this area of 
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work , examp les s u ch as t ho se found on p a ge 477 of the text-
b o ok . The type: I s a 4-inch cube the s ame as 4 cubi c 
e inches? will intrigue the abler thinkers in the class. 
I 
I 
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CHAPTER XXXI 
· SCALE DRA'r I NGS 
A. Scale Drawing s (Iroquois Textbook, p. 460) 
Social studies and science use scale drawing so frequently 
that the class must be i'amiliar with the types of keys so 
they may understand scale representations. They must under-
stand that the pictured object or meas ure stands f or a 
specified larger or smaller amount. We draw to scale for 
convenience, as we could hardly draw a line 36 feet long on 
a paper. 
1. Insects are pictured much larger than the actual object. 
Such scale keys would be given as 'x5', which would 
mean that the pic ~ure is already five times larg er than 
the insect itself, and so to f ind the real size of the 
insect, t h e measu rement taken would be divided by 5. 
2. Science p ictures mi ght be smal ler t h an the actual object 
so the k ey would be some thing like ( ~ ), or ( i- ), etc., 
printed besi de the picture. Dictionary picturesl and 
science books use fractional d esignation~ such as: a 
robin (1/8 ), meaning the real robin is eight times 
larger than the picture. 
3. Color on maps is u sually used as a scale indication of 
height. 
!webster's S tudents Dictionary--Upper School Levels, Bos ton: 
American Book Company, 1938, p . 436. 
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4. All scale drawing s and distances are explained by 
•keys' that g o with such p ictures. 
B. Suggested Approaches 
1. In addition to the pictures in the arithmetic textbook 
on pages 460 , 461, have the children find a scale 
drawing in a geography or some other school book. As 
there will be many different pic-cures chosen, this 
will show that even in the same geography book dif-
ferent scales are used.l 
2. Let some of the class use dictionaries find different 
scale identifications, as on page 436 there is a 
flower s h own , that has 'i ' beside it. Have the chil-
dren tell wh ether they will divide or multiply to 
find the actual size and why. 
3. In the same dictionary on pag e 94 a picture of an 
insect is marked 1 x3 1 meaning that to find the actual 
size of t he insect, the measured length will have to 
be divided by three, becaus e the present indicati on 
s hows the insect magnified 3 times its real size, to 
show detail. 
c. Evaluation 
1. Using rulers, l e t the c h ildr en work ou t distances 
between the same two points on maps that use different 
s cales. To do this, use different ed i tions of g eo g -
I 
lFre derick K. Branom and Helen M. Ganey, Social Geo graphy Series 
Book III, w. H. Sadlier, Inc., 1947, p. ~-p-:-II6. 
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raphy books, many of which use varying scales on maps 
of United States. Results s hould be approximately 
the sa...me. 
2. Using 3 strings, 3 different-sized wor ld globes, and 
t he 'key' given on each, see how closely distances 
match when changed ~o miles a f ter measuring the string 
used. Try s u ch distances as: Seattle to Miami, or 
Bombay to Paris. 
3. Many pupils wi ll be interested to know that almost 
anything can be drawn to scale--except the Universe. 
The i mposs ibility of mak ing such a scale accurately 
is s hown by t he fact that if the earth were represented 
by a scale of a ball l-inch in diameter, the nearest 
star, Alpha Centauri, would have to be p laced 50,000 
miles away l 
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A. Business Forms 
CHAPTER XX..XII 
BUSINESS FORMS 
Children of the sixth grade are often sent to the post 
office to send money orders for someone in the fffiaily. 
Other children s h op in downtown stores and receive sales 
slips. Some c h ildren mention getting checks for gifts. 
At t ime s c h ildren go to a local drug store to pay a g as 
bill, f or wh ich they get a receipt. In all these business 
practices the fact is a pparent that money received as 
income is expended in many ways to keep the economy of the 
nation in operati on. Bus ines s firms have individual forms 
and a few o f the s imp lest should be interpreted at t his 
level. 
B. Suggested Approaches 
1. Tell the children when purchasing some thing downtown 
(a new pair of sneakers) to save the sales slip . Hang 
this on the bulletin board as a n exhibit to demons t rate 
how the name of t h e firm, the date of sale, the denomi-
nation of bill hande d to the clerk, and the amou nt of 
the sale are a ll recor ded o n t he paper . Exp lain why 
it nms t; be kept f or reference when a purchas e is un-
satisfactory. 
2. Ob tain a money order bla nk fr om t h e post offic~ or 
take the class down to a s u b - postoffice nearby . Show 
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the chi l dr en how to f ill out t h e b l ank, u&ng t h e 
inf orrnation on t h e back of t h e bla nk to tell h ow muc h 
t hey a r e to be ch arg ed for t he servi c e of sending t he 
money through "Ghe mail . Describe the check -lik e pape r 
a nd items wr i tten on it. Bring in a money order s t ub 
which t h e sender keep s as a receip t, in case a let t e r 
i s lost. Draw a facs i mile on t h e board i f a real 
money or der i s not available. 
Show h ow t o indorse, or sig n a money order received, 
in order to obtain the money f rom t h e post off i ce. 
3 . Checks will not be perti nent material, e x cept t hat some 
pupils might receive them as birth da y g i f ts. Some 
pupils may see fath ers or moth ers making out check s to 
pa y bills. 
Bri ng i n some b lank ch ecks and s h ow t h e pupils ho w· 
t h ey would be ma de out. Show how to endorse one if 
r e ceived, to obtain the cash f or its face value . 
S tre s s the fact t hat t h e s ignature on t h e back must be 
t h e s ame a s t he name desi gnated on the fa ce of t h e 
ch eck . 
4. Bills will be mostly a name to the child r en . Some 
o f t h e parents ma y be in bu siness . If so, real 
billheads ma y be s h own. Fictitious amounts of pur-
chases may be written , and facsimiles of t he bi l ls 
may b e writte n o n the b l a c kboard . 
Bus i ness t ea chers in upper grades usually prefer to 
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teach business material with their own explanations , 
so only a superficial introduction should be made to 
such items in grade 6, to avoid f'u ture confusions . 
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CHAP TER JLXXIII 
PERCENTAGE 
A. Percentage (Iroquois Textbook, p. 502) 
1. The study of percentag e is optional material in a 
grade 6 curriculum. 
2. There are s ome terms which may be introduced because of 
common usage. Relation of known fractions and deci-
mals to percentage is shown. 
3. The knowledge of how to change a decimal to a per cent 
and how to change a per cent to a decimal may be 
explained. 
4 . Social application and use of per cents are found in 
school ranks, advertisements in newspapers, clothing 
tags, tax on ticlre ts, and interest on their bank 
accounts. 
B. Suggested Approaches 
1. Children are accustomed to marks or ranks in school 
work. 98%, 75%, 40% are common terms. They have often 
heard the words 1 per cent' used and, no doubt, have 
seen the sig n %. It can be explained that while per 
cent is a fraction it i s seldom used as a number, but 
by custom the 'relationship' idea has become the chief 
i dea associated with %· Usually, a comparison 
of numbers is s hown by per c e nt; that is, 80~b would 
i ndicate tha ~ 80 parts out of a possible 100 parts 
========~==========================================================~=====-----
were finishe d , or 5% tax wou ld indicate t hat 5% o f the 
whole 100% charg ed goes for a tax. 
2. It should be explained that per cent means a decimal 
fraction, derived from hundre dt;hs . When multi plying or 
divi ding , we substitute a decimal point for t he % 
si gn, as it is easier to work with .25 than 25%, or 
1.58 instead of 158%. 
3. Let t h e chi l dren bring in various uses of per cents 
that they find. 
Such uses would be: tag s on clothing indicati ng lOO% 
wool; or 85~ wool, 15% rayon; advertisements cli pped 
from newspapers telling of 20% off regular prices, or 
the per cent of interest they see recorded on their 
bank books. 
4. Sin ce per cent means hundredths we can simply explain, 
for sixth grade level, that we can expre s s the per cent 
indicated as a decimal, hundredths. To objectify , vve 
would use the same process as t hat used when demon-
strating decimals. Use a piece of square d paper . 
Color in 25 of the 100 squares used. The children know 
this means 25 hundredths, n ow call it the equivalent 
25%. This also shows t;he relati on of 25% to its frac-
tional equivalent ·?, as one-fourth of the paper is now 
c o lore d . The next step could be to s how t hat a s i n g le 
digit, such as 41b must be written as .04 when t h e t!t 
sig n is removed and the number is ch ange d to a decimal. 
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The use of a squared paper emphasizes the idea of 
hun dredths and g ives meaning to t he anne xing a zero 
b efo r e the 4. 
5. ~actiona l equivalen~s used in decima ls can be cor-
related very easily with like per cen ts. After u si ng 
t h e squares the fact has been s hown t hat .50 equ als 
50% a nd tha t when 50 o f t h e hundredths are colore d 
so is one - ha lf of the entire paper colored . Our 
money system--also based on the idea o f tenths and 
hundredths- - has fractional equiva l ents with whi ch t h e 
children are familiar, and t hese will h elp in decimals . 
Familiar equ ivalents are: 75t equals .75, equals 
75/100, equ als 3/4; so 75% equ als 3/4. Knowing t h ese 
common equ ivalents help s in qu i C ~{ corupu ta tion. Only 
t h e very common per cents, as those li sted on page 504 
of the Iroq·uois textbook; need to be remembere d as a 
background fo r f u rther detailed study of percen tag e 
in junior hi g h school. 
6 . It s hou ld be s hown, i f pe~centage is developed, t hat 
while t h e commonest use of per cent i s us u a lly a part 
of a whole, or a fra ctional par t, t ha t percentag e ma y 
a lso b e u se d to s how more t han 100~~ . For instance , 
i f a g irl wa s required to practice an hou r a day ·on 
t he piano, bv t one day s he practiced 8 0 mi nute s, t h en 
she pra c tic e d lOO% of t h e time r e quired .p lus 20 
minutes--or l/3 hour--or 33 l/3% more t han the time. 
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Altogether she prac~iced 133 1/3% of the requ ired t ime. 
7. Children should know that per cent means hundre d t h s, 
that the per cent sign may be omitted and t he number 
ma de in to a decimal fraction of hundredths, as s h ovm 
by t he squa res. The y s hould be s ho'~.tm how to s ubs titute 
any one of the t hree f or t h e equi ~,-alent given, choos-
ing t h e eas iest to handle in each case-- f or 25%, use 
1/4; for 15/100, use .15; or for .05, use 1/20. 
8 . As t h e po int has been stressed so often, the children 
s hould generalize, that as li k e thing s may be ad de d 
or subtracte d, so per cents may be . If 50% of their 
s pelling words have one s y llable, and 15~ have t wo 
syllable~ and t h e r emaini ng words have three syllab les, 
t h ey can easily work out the fact that there must be 
35% having three s y llables. 
9 . ' Case' in p er cent is not mentioned in grade 6 . 
10. Knowi ng that 20% is .20 and also 1/5, we can f ind 1/5 
or 20% of a number. Examples such as: There will be 
20% o f a class o f 35 on the radi o co~mittee for Friday 
afternoon; how many wi 11 be on tha ~ committee? Some 
may do it by multi p lying by 35 x .20; some may do it 
by multiply i ng by 1/5 x 35. For prac tice, try some 
examp les that can be worked both vvays, to ins u re pupils 
understanding t ha t the results wi ll have to be t h e 
same , whether worke d out fractionally or decimally. 
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c. Evaluation 
1. Have the children draw a chart on paper, filling in 
the decima l equivalents and per cent equivalents from 
a fraction g iven, or the per cent from a fraction. 
(See the chart in tex tbook, pag e 504.) 
2. Let t h e children make a list of actual us es they have 
made o f per cents. Combining, list all the different 
situations on the blackboard. 
3. Boys (and g irls) will b e interested in bringing in, 
and l earning how to fi gure out, the standings of the 
baseball te ams in t h e major leagues. In t his instance, 
the fact that 'percentage' is use d , bu t carrie d ou t to 
three p laces, should be called to their attention . 
166 
CBAP TEH XXXIV 
INTEREST 
A. Interest 
1. The introductory principles of interest, related to 
percentag es may be included in grade 6 work. No d if-
ficult processes are attempted. 
B . Suggested Approaches 
1. Many of the children have bank books. _They know the 
'extra' money whi ch they do not deposit is called 
interest . I~ should be exp lained by telling them that 
the bank pays them for ~se of their money , at a certai 
specified rate, so much f or each dollar used. 
2. By rela t ionship of interest to per cent, the applica-
tion to a few simple exa!!lples can be ma de. Have chil-
dren multiply ~~ 1.00 x .02 to show that 2% of ~~ 1.00 
• cl:· 02 lS ~il · • That would be the amou nt added to each 
do llar that was recorded on a bank account if the 
i n terest rate was specified as 2~ . 
3. The logic of why the bank can pay t h em 2f{ on each 
do llar can be explained by saying that if someone wishe 
to go into bu siness he borrows money--for whi ch use h e 
mus ~ pay aqou t 6% to the bank, and in t h is way the 
bank gets suf ficient mo ney to pay 2%, pay expenses, and 
make a profit. 
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4. Us i ng a ~~ 10 bank account as an example, take real or 
toy money. Place it on a table to objecti fy the idea 
o f each do llar accumula ting .02 when i n use over a 
year 1 s time. P lace ~he do llar bi lls in a row, and on 
top of each p lace t wo cents. This s hows why t h e bank 
write s 20~ under t h e in~erest ~olumn in ~he bank books. 
As each of the te n dollars ac cumulates .02, the who le 
ten wi ll earn $; .20. Whe n t h e chi l dren ~ ~his , t hey 
wi ll more rea dily understand how interest is a dded to 
t h e amount de posited. 
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CHAPTER XX~CV 
NET PRICE~ NE T PROCEEDS, COMMISS I ON 
A. Net Price, Ne~ Proceeds, Commission 
1. The three a bove p r inciple s are de ve l oped with a rela tion 
~o per cent , bu t in very simp le examp l e s. 
B. Suggested Appro a ches 
1. For ne t pri ce, the newspaper advertisements wi l l indi-
cate s u c h e x amp l e s as 25% re duc tion, 33 l/3% off , 50% 
mar kd own, e tc. From de cimal equivalents, the class 
will know ~ha~ 25/100 equals t ' so 25% will i ndicate 
a quarter of the price. If it i s r edu c tion, almost al l 
of the children wi l l know that means the price wi ll be 
le ss tha~ t he orig inal price; so the re duc ~ion wi ll be 
subtracted f rom the ini~ial amount . The wo r d 'increase' 
wi ll naturally mean a l a r ge r price, so the 25% wi ll b e 
ad ded to the ori ginal price. The term 1 net price' can 
be explained as the resulting selling price when the 
re duction or increase has been carr ied out. 
2 . I n se lling P . T. A. tickets, children see on ~he face 
of the ~icke ts that there is a lO% tax included ; so 
they realize t hat t he final p rice i nclu des no~ only 
the a c t ua l admission money but also a tax. Exp l ain 
that this tax is no t put into ~he schoo l treas ury, The 
amount l eft when t hat tax vras subtracte d f rom t he total 
receipts wou l d be called a net amoun t, or net pro cee ds 
for the treasury. 
3 . Co~mi ssion could have a practical app l ication by 
referring to ~he ti~P they sold cookies f or Girl 
Scouts . 'f 'Ag e n ts' received a certain amoun~, ~p .40 f or 
each box . However, ~his who l e amount is not turned 
over for cookie s to ~he company . Instead, eac h a g ent 
received a certai n percentag e of the price of each box . 
This percentage was t h e amount tha t she earned for 
Gi rl Scouts as cow .. rr1ission fo r each box sold , fo r work 
done . 
4 . Someone mi ght have a pare nt who se lls cars, and i t 
could be e xp lained that h e receives a certain percent-
a g e of the who l e s elling price, for selling the car. 
That is cal l ed h is co1mnission . 
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A. Road Maps 
CF.tAP 'I'ER XXXVI 
ROAD MAPS 
Studying roa d maps is US1).al ly an enjoyabl$ ex"Cra ac ti v i ty . 
A great majority have cars. It is likely that they have 
seen someone use a road map while taking a trip. 
B. Suggested Approaches 
1. u sing the simple map in the textbook on page 509, show 
how rou "Ce numbers are indica ted , a nd how mileage for 
distances b e t ween cities is shown. The total distance 
between start and finish of a long trip woulQ_ be found 
by finding t he sum of several of these shorter dis-
tances. 
C. Evaluation 
1. Procure a fe w road map s f rom a local gas stati on. 
Fi gure ou t a few a c tual distances--as the distance 
between Lo well and Boston by way of Billeri ca. Chil-
dren cou l d see on the map that from Lowell to Bill- · 
erica would be ab out 6 miles, that the distance from 
Billeri ca to ~inchester would be abou t 12 miles more, 
and t hen f rom \!Ji nches ter to Cambri dge, and so · on, to 
complete t. he t.r i p to Boston, a dding distance be t ween 
towns to f ind t.otals. 
171 
172 
CHAP 'J.:b.:R XXXV I I 
SUMMAHY AND CONCLUS I ONS 
Summary 
1. A systemati c d iagnosis i s necessary a t specific inGervals 
so that. t he teacher may de termine the individual pup i 1' s 
level of l e arni ng a nd type s o f err ors to be overcome. 
2. Fo llovring diagnosis there must be reteaching wherever 
needed, or t he e f ficacy of the diagnosis i s futile and 
review is not vital. 
3 . There are many appro a ches po ssible to insure learn ing s in 
quantitative t h inking . Social applications and daily 
experiences provide effective motivation. 
4. Ob jecGify ing number s i t ua tions with co n crete or semi-
·. concre ·ce rna terials makes arithmetic more mean i ngfu l. 
5. Ch i l dren's pro gre s s should be g aug e d according t o their 
mental capacity fo r l earni ng and me asured a gainst t heir 
own past achievement . 
Co ne lus ions 
One ari th.lUe tic process is so thoroughly dependent on anothe r 
that if sufficient time were spe n t i n making each process clear 
in t he p resentation period, initi al progress mi g ht be slower; 
It ,, 
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understanding o f presented material . 
The four f undamental processes are t h e most important as back-
ground for all quantitative thinking . If these proce sses are 
perfected, fractions will be made easier; if fractions are made 
meaningf~ l, decimals wi ll not prove troublesome. Relationship 
should be establish ed between arithmetic functions so as not to 
build up isolated areas o f knovvledg e. 
Limitations o f the Study 
1. The material wa s based on elaboration of only one text-
book . 
2. 'I'he approac he s were tried out with one class, relatively 
s mall number of pupils, so revisions and substitutions are 
still being made. 
3 . Effectiveness of the outline has not been evaluated by all 
Lo~e ll sixth-grade teachers. 
Suggestions for F'Ur ther Study 
1. Comparison of re su lts obta ined f rom a dministering i dentica 1 
aritbJnetic tests to: 
a. a class leaving the fifth grade in June, 
b. the same class entering the sixth grade in September 
to g aug e t h e loss of skill in arithmetic processes due 
"GO lack of use. 
2. A study and comparison of several arithmetic outlines of 
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the past 25 years to lis~ material that has been added or 
discarded. 
3. A study to determine correlation between sixth-grade 
presentation or fractions and decimals and seventh-g rade 
usage of the same. 
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